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TO: Kalbar Operations Pty Ltd 
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FROM: John Jeffery 

 
DATE: 14 April 2020 

SUBJECT: Geochem Testing of Fingerboard Tailings and Overburden 

 

 

This memorandum presents preliminary findings in relation to elemental assay data and results of leach tests  

for samples representing heavy mineral concentrate (HMC), fine and sandy tailings, and overburden associated 

with the Fingerboard Mineral Sands Project. Details of the samples analysed and their representativeness to  

the orebody can be found in the following report: EES Geochemistry and Mineralogy Summary Report, Kalbar, 

2020. The HMC and tailings samples were produced from pilot plant testing of a 10 t bulk composite of ore that 

was a composite of drill cores deemed to be representative of the first seven years of mine life. The two 

overburden samples were also from the 2016-2017 air-core drill program. The samples included in this review 

included: 

 
• 10t Bulk - Fine Tailings (FT Sludge) 

• 10t Bulk - Sand Tailings (CT Soil) 

• 10t Bulk - HMC 

• Overburden - Gravelly clay 

• Overburden - Sandy clay 

 
The information provided by Kalbar for review by EGi included multi-element data for the solids of the tailings, 

HMC and overburden samples, and results of ASLP testing of all of the samples listed above. 

 
Elemental Compositions of Fine and Sand Tailings 

 

The elemental compositions of samples representing tailings, HMC and overburden are given in Table 1. The 

solids assays were carried out by Envirolab Services Pty Ltd in 2018, and Certificates of Analyses are included 

in Appendix D. Sample analysis involved aqua regia digestion (i.e. nitric and hydrochloric acids) and metals 

determination by a combination of inductively coupled plasma mass spectrometry (ICP-MS), inductively coupled 

plasma optical emission spectrometry (ICP-OES), inductively coupled plasma atomic emission spectrometry 

(ICP-AES) and cold vapour atomic absorption spectroscopy (for Hg). EnviroLab Services has NATA 

Accreditation and the testing of samples was consistent with Australian national guidelines for soil quality 

(National Environmental Protection Measure (NEPM) Schedule B3 – Guideline on Laboratory Analysis of 

Potentially Contaminated Soils, Federal Register of Legislative Instruments F2013L00768, May 2013). 
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To provide some relativity to elements that are commonly regarded as environmentally important, the 

compositions of the solids were compared to typical concentrations reported for soil in non-mineralised areas. 

The purpose of this comparison was to highlight any elements that were significantly enriched, and which could 

have implications for management of the tailings. The comparison is expressed as a Geochemical Abundance 

Index (GAI), which relates enrichment to the median soil abundance value using the formula: 

 
GAI = log2 [ C / (1.5*S) ] 

 
where C is the concentration of the element in the sample and S is the median soil1 content for that element. It 

should be noted that median soil contents are based on typical values for soils from non-mineralised areas, and 

do not represent the actual soils occurring at the Fingerboard Mineral Sands site. 

 
GAIs are truncated to integer increments (0 through to 6, respectively) where a GAI of 0 indicates the element is 

present at a concentration similar to, or less than, the median abundance for soil, and a GAI of 6 indicates 

approximately a 100-fold, or greater, enrichment above median soil abundance. The enrichment ranges for the 

GAI are as follows: 

 
Little or No Enrichment GAI = 0 (< 3 times median soil) 

Minor Enrichment GAI = 1 (3-12 times) or 2 (6-12 times) 

Significant Enrichment GAI = 3 (12-24 times), 4 (24-48 times), 5 (48-96 times) or 6 (≥ 96 times) 

The GAIs for the tailings, HMC and overburden samples are included in Table 2. 

In relation to the tailings and overburden samples, there were no elements in the analytical suite that occurred 

at concentrations corresponding to the definition of significant enrichment (GAI≥3), and the only minor 

enrichment was arsenic (44 mg/kg ) in the sample of Fine Tailings. 

 
With the sample of HMC, the only element in the analytical suite that was significantly enriched (GAI≥3) 

compared to the median soil abundance value was thorium (120 mg/kg). There was also minor enrichment 

(GAI=1) with uranium (9 mg/kg). As HMC is a product of processing that will be shipped to buyers these 

enrichments are not of environmental consequence for the project. It is also worth noting that the  

concentrations of thorium and uranium in the tailings and overburden samples were markedly less than in the 

sample of HMC, and also less than the respective thorium and uranium concentrations in the bulk  10t 

composite feed used to produce the tailings, which were 81 and 15 mg/kg, respectively. As such, the 

concentrations of these two elements in the tailings and overburden were less than the 'average' concentrations 

currently occurring with the ore zone at the Fingerboard site, and the results suggest preferential reporting  of 

the thorium and uranium in ore with the heavy mineral concentrate. 

 
 
 
 
 
 

 
1 References for median soil data: (1) Bowen, H.J.M. (1997) Environmental Chemistry of the Elements. Academic Press, 

London. (2) Berkman, D.A. (1976) Field Geologists' Manual, The Australian Institute of Mining and Metallurgy, Parkville, 

Victoria, Australia. 
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ASLP Results 

 

The ASLP method involves extraction of a representative sub-sample of material with a specified leachate fluid 

at a solid:liquid ratio of 1:20 for 24 hours. At completion, the pH of the extract is recorded and the liquor fraction 

is filtered and analysed for a suite of elements that typically includes elements that are regarded as 

environmentally important. The ASLP tests were carried out by Envirolab Services in Perth, and leachates were 

analysed for a multi-element suite that included Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Cl, Co, Cr(VI), Cu, F, Fe, Ga, 

Hg, K, La, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, Se, Si, Sn, SO4, Sr, Th, Ti, Tl, V, W, U, Zn, Zr. 

 
The ASLP allows for use of different extractant fluids depending on the type of samples. Typically, dilute acetic 

acid is used when simulating landfill conditions, but deionised water is often more appropriate for mining 

situations, as the use of deionised water means the extractions occur at the existing pHs of the test samples. 

Accordingly, the ASLP tests carried out by Envirolab on Fingerboard samples involved deionised water, which 

provides a more appropriate simulation of rainfall leaching conditions. 

 
The ASLP results for the tailings, HMC and overburden samples are summarised in Table 3. 

 

The ASLP extracts of the five samples were all circum-neutral (pHs between 6.5 and 7.5), and overall the assay 

results indicate only low concentrations of leachable elements. In some extracts there were trace  

concentrations of fluoride (up to 0.3 mg/L) and chromium (up to 0.048 mg/L), but for most other elements2 that 

are commonly regarded as environmentally important the concentrations in the extracts were close to, or below 

the analytical limits of detection. 

 
Comparison with EPA Victoria Soil Hazard Categorisation Limits 

 

The Earth Resources Regulation (ERR) branch of the Victorian Department of Economic Development, Jobs, 

Transport and Resources have published a Technical Guideline for Design and Management of Tailings 

Storage Facilities (April 2017). With respect to design and consequence assessment, the guideline states: 

 
In assessing the consequence category, consideration is given to the concentration and type of contaminants 

present or expected to be present in the tailings and decant water as well as physical characteristics such as 

turbidity. The consequence assessment includes the potential health and environmental impacts associated 

with that level of contamination in the event of a dam failure or spill. 

 
For initial consideration, tailings that have the potential for higher impact are defined in this guideline as: 

 

1. tailings solids with contaminant concentrations (or predicted concentrations) above any of the  

levels specified in Table 1, and/or sulphidic tailings with the potential to cause acid and 

metalliferous or saline drainage and/or 

 
 
 

2 The analysis of ASLP extracts initially indicated some release of aluminium and iron, but the values reported likely included 

very fine colloidal forms that could not be removed by filtration prior to ICP-MS analysis. This issue was identified by the 

laboratory and repeat analyses were carried out on the same extracts after standing for 3 days to allow some settling of fine 

colloidal material. The repeat analyses (which are also included in Table 3), indicated significantly lower concentrations of 

aluminium and iron that were more consistent with what would be expected for aerated waters at circum-neutral pH. Under 

such conditions both metals should be highly insoluble. 
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2. decant water with (or predicted to have) a total cyanide concentration exceeding 1 mg/l, and/or a 

pH outside the range 5 to 9. 

 
The ERR Technical Guideline states that the concentrations in Table 1 of the Technical Guideline were adapted 

from Table 2 of EPA Publication IWRG621 Soil Hazard Categorisation and Management, whereas methods for 

determining acid generation potential are referenced to Managing Acid and Metalliferous Drainage (Australian 

Government 2007b) and EPA Publication 655.1 Acid Sulfate Soil and Rock (EPA 2016). 

 
For the purposes of this preliminary assessment, the assay data for Fingerboard samples have been compared 

to The Victorian Environmental Protection Authority (EPA) - Industrial Waste Resource Guidelines for wastes 

and resources regulated under the Environment Protection (Industrial Waste Resource) Regulations 2009 (the 

Regulations). A copy of the guidelines (Publication IWRG621 - June 2009) is appended to this memo. 

 
The guidelines allow for categorisation of potentially contaminated soil or waste into one of four categories, 

namely Category A, B, C or clean fill. The guidelines include soil hazard categorisation thresholds that refer to 

total elemental concentrations in the waste solids as well as leachable thresholds based on the ASLP. The 

inorganic species included in the guideline are arsenic, cadmium, chromium (VI), copper, lead, mercury 

molybdenum, nickel, tin, selenium, silver and zinc. 

 
The first step in the hazard categorisation is to determine if total elemental concentrations of these elements in 

the test materials are less than the upper limits designated for clean fill. Table 4 provides a comparison of total 

element concentrations in the Fingerboard samples with the guidelines. Excluding chromium (see comment 

below), the total concentrations of elements specified in the EPA Victoria guideline in samples representing 

sand tailings, HMC and overburden were below the upper limits specified for material categorised as clean fill. 

 
For the fine tailings sample, the only element that exceeded the respective upper limits for clean fill was arsenic. 

The reported arsenic content in the sample of fine tailings was 37 mg/kg. This is approximately double the  

upper limit for clean fill of 20 mg/kg, but well below the upper limit for Category C waste of 500 mg/kg, which is 

the category that is referenced in Table 1 of the ERR Technical Guideline, indicating "tailings with contaminant 

concentrations above these levels are considered to have potential for higher impact. 

 
Furthermore, the ASLP results for the fine tailings sample indicate an arsenic concentration in the extract of  

only 0.009 mg/L, which is well below the upper limit of 0.7 mg/L specified for Category C. Therefore, based on 

the arsenic results for both the solids and ASLP leachable, the fine tailings as represented by the sample 

analysed could be considered Category C with respect to the EPA soil hazard guideline, and correspondingly 

would not be considered material with potential for higher impact under the ERR guideline. 

 

With respect to chromium, the guidelines for chromium specifically relate to the hexavalent form. The leachable 

concentrations of dissolved chromium (VI) in the ASLP were 100 to 1000-times lower than the upper limit 5 

mg/L as specified in the EPA soil hazard guideline for Category C. In relation to solids, the Fingerboard  

samples were analysed for total chromium and as such a comparison with the chromium (VI) concentrations in 

the EPA guidelines for solids is not strictly invalid. However, it is worth noting the total chromium concentrations 

in both the tailings and overburden samples (as well as the HMC) were again less than the upper limit of 500 

mg/kg as specified in the EPA soil hazard guideline for Category C. Therefore, it seems unlikely that chromium 

would be considered a potential hazard for tailings or overburden management. 
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Preliminary Acid Sulfate Soil Assessment 

 

The ERR Technical Guideline refers to the EPA Publication 655.1 Acid Sulfate Soil and Rock (EPA 2016) in 

relation to acid sulfate soil and rock, a copy of which is attached as Appendix B. The EPA Publication proposes 

a Risk-Based Approach to Identification and Classification, the first stage being a desktop and initial field 

assessment, based a criteria that indicate the likelihood for acid sulfate soil at a site, including: 

• whether acid sulfate soil has been previously identified at, or near, the site, 

• whether the site is located in a Prospective Land Zone as indicated by the Coastal Acid Sulfate Soil 

hazard maps, 

• whether the site, or area to be disturbed, is at or below 5 mAHD and the natural ground surface is 

below 20 mAHD, and 

• geological information and visual inspection for presence of sulfides. 

 
Mapping of Coastal Acid Sulfate Soils 

 

Agriculture Victoria have published maps that show land with potential to contain Coastal Acid Sulfate Soils. It 

should be noted these maps show Prospective Land, rather than mapping of actual areas where acid sulfate 

soils have been identified. The mapping is based on assessment of coastal geomorphology, understanding of 

how Coastal Acid Sulfate Soils form, and soil sampling data where available. 

 
The map that covers the Fingerboard site (Map 5 for Gippsland Lakes, Victoria) is included in Appendix C. An 

earlier map (Bairnsdale T8422 Stockyard T8421) from a report on a pilot study of Victorian coastal acid sulfate 

soils produced by Rampant et al., (2003) is also included in Appendix C for reference. 

 
The Fingerboard mine site is located well outside areas that are considered prospective in relation to coastal 

acid sulfate soils. The nearest prospective areas are approximately 25 to 30 km distant from the site, which 

include land close to Lake Wellington to the south of the mine site, and the Mitchell River flats to the south-east 

close to Bairnsdale. 

 
Fingerboard Site Geology 

 

The proposed Fingerboard Project lies within the Glenaladale Deposit that occurs within unconsolidated 

sediments and contains heavy minerals such as zircon, rutile, ilmenite and rare-earth bearing minerals. The 

geological profile at the site typically involves the following five units: 

 
• Alluvial/topsoil layer - silty sand, (0.2-0.7 m) 

• Dunal deposit- silty sand (0-10 m) 

• Haunted Hills Formation - upper clay unit (2-16 m) and basal gravel deposit (2-12 m) 

• Coongulmerang Formation - upper sand (0-30 m) and lower sands (60-80 m) 

• Basement - sedimentary and igneous rocks 
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The Coongulmerang Formation hosts the mineral sand orebody, and the Fingerboard project will primarily target 

mineralisation that occurs around the contact of the Lower Sands and Upper Sands sub-units. As such, mining 

will only extend partially into the Lower Sands. This means the final pit floor will be above the groundwater  

table, which ranges across the site from around 45 m AHD in the north-western section of the project site to 

around 27 m AHD in the southern sector. As the groundwater table will not be intersected during the project 

there will be no requirement for mine dewatering. 

 
It is understood from information provided by Kalbar Operations  that data from geological investigations of the 

site suggest the Haunted Hill Formation (overburden) has been above the groundwater table from 

approximately 2 million years ago, and accurate dating of dunal deposits sitting above the Haunted Hill 

Formation indicate a youngest age of 280,000 years. 

 
Therefore, it is expected that the overburden mined during the mining will comprise sands and gravels that have 

been subject to unsaturated/oxidised conditions on a geologic time scale. Such conditions are generally not 

conducive to formation of potentially acid sulfate soils. As noted in the EPA Acid Soil Publication 655.1, coastal 

acid sulfate soils typically occur in soil formations where metal sulfides were originally deposited in shallow 

marine or estuarine environments, and which are now typically between 5 and 20 m AHD (below or close to 

high tide level) where oxygen-free or waterlogged conditions are likely to occur (i.e. where conditions are such 

that metal sulfide remain geochemically stable). 

 
Sulfur Data and Mineralogy 

 

During resource assessment the analysis of drill core primarily focused on heavy minerals, but some core 

samples were also assayed for sulfur and a number of other major and trace elements. The amount of sulfur 

data for overburden is limited, but the results that are available provide a first-pass indication in relation to 

whether the mine site should be considered prospective in terms of coastal acid sulfate soil. 

 
The sulfur contents of samples considered to be representative of topsoil, sub-soil, overburden, ore and tailings 

at the Fingerboard site are summarised below. 

 

 
Geological Unit / Material type %S 

Topsoil (0 to 0.2m) 0.019 

Subsoil (0.2 to 0.5m) 0.042 

Sandy Clay Horizon (0.5 to 3.4m) 0.012 

Sandy Gravel (3.4 to 8.6m) 0.011 

Sand (8.6 to 9m) 0.009 

Upper Sand (14.7 to 23.8m) 0.009 

10 tonne Bulk Sample - Ore 0.028 

10 tonne Bulk Sample - Fine Tailings 0.01 

10 tonne Bulk Sample - Coarse Tailings <0.01 

10 tonne Bulk Sample - Heavy Mineral Con. <0.01 

Overburden (gravelly clay) <0.01 

Overburden (sandy clay) <0.01 
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Overall, the available data suggest sulfur contents within soil and overburden above the ore zone are low, with 

most of the profile containing as little as 0.01 %S. The sulfur contents of the surface topsoil/subsoil are slightly 

higher, but within this highly weathered zone it can be assumed that all of the sulfur would occur exclusively as 

sulfate, which does not contribute to acid forming potential. The available data also suggests sulfur contents 

within the ore zone are low. 

 
It is also worth noting that mineralogical examination of the ore sample using X-ray diffraction (XRD) did not find 

any evidence of pyrite, although the limits of detection for crystalline minerals using XRD are relatively high in 

comparison to the low total sulfur content reported for the bulk ore sample in the table above. 

 
Therefore, although analytical and mineralogical data for overburden at the Fingerboard site is limited, the data 

that are available indicate and the geological setting indicate low sulfur contents. Assuming the samples as 

listed in the table above representative of the site overall, the risk in relation to occurrence of acid sulfate soil  

will also be low, which is consistent with the site being remote from prospective areas for coastal acid sulfate 

soil as mapped by Agriculture Victoria. 
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APPENDIX A 

 
Industrial Waste Resource Guidelines. 

Soil Hazard Categorisation and Management. 
Publication IWRG621, EPA Victoria, 2009. 
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APPENDIX B 

 
Acid Sulfate Soil and Rock 

Publication 655.1, EPA Victoria, July 2009. 
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APPENDIX C 

 
Coastal Acid Sulfate Soil Mapping 

Agriculture Victoria 



12 

En v i r o n m e n t a l G e o c h e m i s t r y I n t e r n a t i o n a l Pt y L t d 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

APPENDIX D 

 
Laboratory Certificates of Analysis 
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To provide some relativity to elements that are commonly regarded as environmentally important, the 

compositions of the solids were compared to typical concentrations reported for soil in non-mineralised areas. 

The purpose of this comparison was to highlight any elements that were significantly enriched, and which could 

have implications for management of the tailings. The comparison is expressed as a Geochemical Abundance 

Index (GAI), which relates enrichment to the median soil abundance value using the formula: 

 
GAI = log2 [ C / (1.5*S) ] 

 
where C is the concentration of the element in the sample and S is the median soil1 content for that element. It 

should be noted that median soil contents are based on typical values for soils from non-mineralised areas, and 

do not represent the actual soils occurring at the Fingerboard Mineral Sands site. 

 
GAIs are truncated to integer increments (0 through to 6, respectively) where a GAI of 0 indicates the element is 

present at a concentration similar to, or less than, the median abundance for soil, and a GAI of 6 indicates 

approximately a 100-fold, or greater, enrichment above median soil abundance. The enrichment ranges for the 

GAI are as follows: 

 
Little or No Enrichment GAI = 0 (< 3 times median soil) 

Minor Enrichment GAI = 1 (3-12 times) or 2 (6-12 times) 

Significant Enrichment GAI = 3 (12-24 times), 4 (24-48 times), 5 (48-96 times) or 6 (≥ 96 times) 

The GAIs for the tailings, HMC and overburden samples are included in Table 2. 

In relation to the tailings and overburden samples, there were no elements in the analytical suite that occurred 

at concentrations corresponding to the definition of significant enrichment (GAI≥3), and the only minor 

enrichment was arsenic (44 mg/kg ) in the sample of Fine Tailings. 

 
With the sample of HMC, the only element in the analytical suite that was significantly enriched (GAI≥3) 

compared to the median soil abundance value was thorium (120 mg/kg). There was also minor enrichment 

(GAI=1) with uranium (9 mg/kg). As HMC is a product of processing that will be shipped to buyers these 

enrichments are not of environmental consequence for the project. It is also worth noting that the  

concentrations of thorium and uranium in the tailings and overburden samples were markedly less than in the 

sample of HMC, and also less than the respective thorium and uranium concentrations in the bulk  10t 

composite feed used to produce the tailings, which were 81 and 15 mg/kg, respectively. As such, the 

concentrations of these two elements in the tailings and overburden were less than the 'average' concentrations 

currently occurring with the ore zone at the Fingerboard site, and the results suggest preferential reporting of  

the thorium and uranium in ore with the heavy mineral concentrate. 

 
 
 
 
 
 

 
1 References for median soil data: (1) Bowen, H.J.M. (1997) Environmental Chemistry of the Elements. Academic Press, 

London. (2) Berkman, D.A. (1976) Field Geologists' Manual, The Australian Institute of Mining and Metallurgy, Parkville, 
Victoria, Australia. 
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ASLP Results 

 

The ASLP method involves extraction of a representative sub-sample of material with a specified leachate fluid 

at a solid:liquid ratio of 1:20 for 24 hours. At completion, the pH of the extract is recorded and the liquor fraction 

is filtered and analysed for a suite of elements that typically includes elements that are regarded as 

environmentally important. The ASLP tests were carried out by Envirolab Services in Perth, and leachates were 

analysed for a multi-element suite that included Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Cl, Co, Cr(VI), Cu, F, Fe, Ga, 

Hg, K, La, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, Se, Si, Sn, SO4, Sr, Th, Ti, Tl, V, W, U, Zn, Zr. 

 
The ASLP allows for use of different extractant fluids depending on the type of samples. Typically dilute acetic 

acid is used when simulating landfill conditions, but deionised water is often more appropriate for mining 

situations, as the use of deionised water means the extractions occur at the existing pHs of the test samples. 

Accordingly, the ASLP tests carried out by Envirolab on Fingerboard samples involved deionised water, which 

provides a more appropriate simulation of rainfall leaching conditions. 

 
The ASLP results for the tailings, HMC and overburden samples are summarised in Table 3. 

 

The ASLP extracts of the five samples were all circum-neutral (pHs between 6.5 and 7.5), and overall the assay 

results indicate only low concentrations of leachable elements. In some extracts there were trace  

concentrations of fluoride (up to 0.3 mg/L) and chromium (up to 0.048 mg/L), but for most other elements2 that 

are commonly regarded as environmentally important the concentrations in the extracts were close to, or below 

the analytical limits of detection. 

 
Comparison with EPA Victoria Soil Hazard Categorisation Limits 

 

The Earth Resources Regulation (ERR) branch of the Victorian Department of Economic Development, Jobs, 

Transport and Resources have published a Technical Guideline for Design and Management of Tailings 

Storage Facilities (April 2017). With respect to design and consequence assessment, the guideline states: 

 
In assessing the consequence category, consideration is given to the concentration and type of contaminants 

present or expected to be present in the tailings and decant water as well as physical characteristics such as 

turbidity. The consequence assessment includes the potential health and environmental impacts associated 

with that level of contamination in the event of a dam failure or spill. 

 
For initial consideration, tailings that have the potential for higher impact are defined in this guideline as: 

 

1. tailings solids with contaminant concentrations (or predicted concentrations) above any of the 

levels specified in Table 1, and/or sulphidic tailings with the potential to cause acid and 

metalliferous or saline drainage and/or 

 
 
 

2 The analysis of ASLP extracts initially indicated some release of aluminium and iron, but the values reported likely included 

very fine colloidal forms that could not be removed by filtration prior to ICP-MS analysis. This issue was identified by the 

laboratory and repeat analyses were carried out on the same extracts after standing for 3 days to allow some settling of fine 

colloidal material. The repeat analyses (which are also included in Table 3), indicated significantly lower concentrations of 

aluminium and iron that were more consistent with what would be expected for aerated waters at circum-neutral pH. Under 

such conditions both metals should be highly insoluble. 
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2. decant water with (or predicted to have) a total cyanide concentration exceeding 1 mg/l, and/or a 

pH outside the range 5 to 9. 

 
The ERR Technical Guideline states that the concentrations in Table 1 of the Technical Guideline were adapted 

from Table 2 of EPA Publication IWRG621 Soil Hazard Categorisation and Management, whereas methods for 

determining acid generation potential are referenced to Managing Acid and Metalliferous Drainage (Australian 

Government 2007b) and EPA Publication 655.1 Acid Sulfate Soil and Rock (EPA 2016). 

 
For the purposes of this preliminary assessment, the assay data for Fingerboard samples have been compared 

to The Victorian Environmental Protection Authority (EPA) - Industrial Waste Resource Guidelines for wastes 

and resources regulated under the Environment Protection (Industrial Waste Resource) Regulations 2009 (the 

Regulations). A copy of the guidelines (Publication IWRG621 - June 2009) is appended to this memo. 

 
The guidelines allow for categorisation of potentially contaminated soil or waste into one of four categories, 

namely Category A, B, C or clean fill. The guidelines include soil hazard categorisation thresholds that refer to 

total elemental concentrations in the waste solids as well as leachable thresholds based on the ASLP. The 

inorganic species included in the guideline are arsenic, cadmium, chromium (VI), copper, lead, mercury 

molybdenum, nickel, tin, selenium, silver and zinc. 

 
The first step in the hazard categorisation is to determine if total elemental concentrations of these elements in 

the test materials are less than the upper limits designated for clean fill. Table 4 provides a comparison of total 

element concentrations in the Fingerboard samples with the guidelines. Excluding chromium (see comment 

below), the total concentrations of elements specified in the EPA Victoria guideline in samples representing 

sand tailings, HMC and overburden were below the upper limits specified for material categorised as clean fill. 

 
For the fine tailings sample, the only element that exceeded the respective upper limits for clean fill was arsenic. 

The reported arsenic content in the sample of fine tailings was 37 mg/kg. This is approximately double the 

upper limit for clean fill of 20 mg/kg, but well below the upper limit for Category C waste of 500 mg/kg, which is 

the category that is referenced in Table 1 of the ERR Technical Guideline, indicating "tailings with contaminant 

concentrations above these levels are considered to have potential for higher impact. 

 
Furthermore, the ASLP results for the fine tailings sample indicate an arsenic concentration in the extract of  

only 0.009 mg/L, which is well below the upper limit of 0.7 mg/L specified for Category C. Therefore, based on 

the arsenic results for both the solids and ASLP leachable, the fine tailings as represented by the sample 

analysed could be considered Category C with respect to the EPA soil hazard guideline, and correspondingly 

would not be considered material with potential for higher impact under the ERR guideline. 

 

With respect to chromium, the guidelines for chromium specifically relate to the hexavalent form. The leachable 

concentrations of dissolved chromium (VI) in the ASLP were 100 to 1000-times lower than the upper limit 5 

mg/L as specified in the EPA soil hazard guideline for Category C. In relation to solids, the Fingerboard  

samples were analysed for total chromium and as such a comparison with the chromium (VI) concentrations in 

the EPA guidelines for solids is not strictly invalid. However, it is worth noting the total chromium concentrations 

in both the tailings and overburden samples (as well as the HMC) were again less than the upper limit of 500 

mg/kg as specified in the EPA soil hazard guideline for Category C. Therefore, it seems unlikely that chromium 

would be considered a potential hazard for tailings or overburden management. 
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Preliminary Acid Sulfate Soil Assessment 

 

The ERR Technical Guideline refers to the EPA Publication 655.1 Acid Sulfate Soil and Rock (EPA 2016) in 

relation to acid sulfate soil and rock, a copy of which is attached as Appendix B. The EPA Publication proposes 

a Risk-Based Approach to Identification and Classification, the first stage being a desktop and initial field 

assessment, based a criteria that indicate the likelihood for acid sulfate soil at a site, including: 

• whether acid sulfate soil has been previously identified at, or near, the site, 

• whether the site is located in a Prospective Land Zone as indicated by the Coastal Acid Sulfate Soil 

hazard maps, 

• whether the site, or area to be disturbed, is at or below 5 mAHD and the natural ground surface is 

below 20 mAHD, and 

• geological information and visual inspection for presence of sulfides. 

 
Mapping of Coastal Acid Sulfate Soils 

 

Agriculture Victoria have published maps that show land with potential to contain Coastal Acid Sulfate Soils. It 

should be noted these maps show Prospective Land, rather than mapping of actual areas where acid sulfate 

soils have been identified. The mapping is based on assessment of coastal geomorphology, understanding of 

how Coastal Acid Sulfate Soils form, and soil sampling data where available. 

 
The map that covers the Fingerboard site (Map 5 for Gippsland Lakes, Victoria) is included in Appendix C. An 

earlier map (Bairnsdale T8422 Stockyard T8421) from a report on a pilot study of Victorian coastal acid sulfate 

soils produced by Rampant et al., (2003) is also included in Appendix C for reference. 

 
The Fingerboard mine site is located well outside areas that are considered prospective in relation to coastal 

acid sulfate soils. The nearest prospective areas are approximately 25 to 30 km distant from the site, which 

include land close to Lake Wellington to the south of the mine site, and the Mitchell River flats to the south-east 

close to Bairnsdale. 

 
Fingerboard Site Geology 

 

The proposed Fingerboard Project lies within the Glenaladale Deposit that occurs within unconsolidated 

sediments and contains heavy minerals such as zircon, rutile, ilmenite and rare-earth bearing minerals. The 

geological profile at the site typically involves the following five units: 

 
• Alluvial/topsoil layer - silty sand, (0.2-0.7 m) 

• Dunal deposit- silty sand (0-10 m) 

• Haunted Hills Formation - upper clay unit (2-16 m) and basal gravel deposit (2-12 m) 

• Coongulmerang Formation - upper sand (0-30 m) and lower sands (60-80 m) 

• Basement - sedimentary and igneous rocks 
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The Coongulmerang Formation hosts the mineral sand orebody, and the Fingerboard project will primarily target 

mineralisation that occurs around the contact of the Lower Sands and Upper Sands sub-units. As such, mining 

will only extend partially into the Lower Sands. This means the final pit floor will be above the groundwater table, 

which ranges across the site from around 45 m AHD in the north-western section of the project site to around 27 

m AHD in the southern sector. As the groundwater table will not be intersected during the project there will be 

no requirement for mine dewatering. 

 
It is understood from information provided by Kalbar Operations  that data from geological investigations of the 

site suggest the Haunted Hill Formation (overburden) has been above the groundwater table from 

approximately 2 million years ago, and accurate dating of dunal deposits sitting above the Haunted Hill 

Formation indicate a youngest age of 280,000 years. 

 
Therefore, it is expected that the overburden mined during the mining will comprise sands and gravels that have 

been subject to unsaturated/oxidised conditions on a geologic time scale. Such conditions are generally not 

conducive to formation of potentially acid sulfate soils. As noted in the EPA Acid Soil Publication 655.1, coastal 

acid sulfate soils typically occur in soil formations where metal sulfides were originally deposited in shallow 

marine or estuarine environments, and which are now typically between 5 and 20 m AHD (below or close to 

high tide level) where oxygen-free or waterlogged conditions are likely to occur (i.e. where conditions are such 

that metal sulfide remain geochemically stable). 

 
Sulfur Data and Mineralogy 

 

During resource assessment the analysis of drill core primarily focused on heavy minerals, but some core 

samples were also assayed for sulfur and a number of other major and trace elements. The amount of sulfur 

data for overburden is limited, but the results that are available provide a first-pass indication in relation to 

whether the mine site should be considered prospective in terms of coastal acid sulfate soil. 

 
The sulfur contents of samples considered to be representative of topsoil, sub-soil, overburden, ore and tailings 

at the Fingerboard site are summarised below. 

 

 
Geological Unit / Material type %S 

Topsoil (0 to 0.2m) 0.019 

Subsoil (0.2 to 0.5m) 0.042 

Sandy Clay Horizon (0.5 to 3.4m) 0.012 

Sandy Gravel (3.4 to 8.6m) 0.011 

Sand (8.6 to 9m) 0.009 

Upper Sand (14.7 to 23.8m) 0.009 

10 tonne Bulk Sample - Ore 0.028 

10 tonne Bulk Sample - Fine Tailings 0.01 

10 tonne Bulk Sample - Coarse Tailings <0.01 

10 tonne Bulk Sample - Heavy Mineral Con. <0.01 

Overburden (gravelly clay) <0.01 

Overburden (sandy clay) <0.01 



7 

En v i r o n m e n t a l G e o c h e m i s t r y I n t e r n a t i o n a l Pt y L t d 

 

 

 

 

Overall, the available data suggest sulfur contents within soil and overburden above the ore zone are low, with 

most of the profile containing as little as 0.01 %S. The sulfur contents of the surface topsoil/subsoil are slightly 

higher, but within this highly weathered zone it can be assumed that all of the sulfur would occur exclusively as 

sulfate, which does not contribute to acid forming potential. The available data also suggests sulfur contents 

within the ore zone are low. 

 
It is also worth noting that mineralogical examination of the ore sample using X-ray diffraction (XRD) did not find 

any evidence of pyrite, although the limits of detection for crystalline minerals using XRD are relatively high in 

comparison to the low total sulfur content reported for the bulk ore sample in the table above. 

 
Therefore, although analytical and mineralogical data for overburden at the Fingerboard site is limited, the data 

that are available indicate and the geological setting indicate low sulfur contents. Assuming the samples as 

listed in the table above representative of the site overall, the risk in relation to occurrence of acid sulfate soil 

will also be low, which is consistent with the site being remote from prospective areas for coastal acid sulfate 

soil as mapped by Agriculture Victoria. 



8 

En v i r o n m e n t a l G e o c h e m i s t r y I n t e r n a t i o n a l Pt y L t d 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

TABLES 



Environmental Geochemistry International Pty Ltd 

 

 

TABLE 1: Elemental compositions of tailings, heavy mineral concentrate and overburden samples 

 
Element Material type 10t Bulk Sample * Overburden ** 

Sample 

Description 

10t Bulk Fine 

Tailings 

10t Bulk Sand 

Tailings 

Heavy Mineral 

Concentrate 

Overburden 

Gravelly Clay 

Overburden 

Sandy Clay 

Antimony (Sb) 

Arsenic (As) 

Bimuth (Bi) 

Cadmium (Cd) 

Chromium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Lead (Pb) 

Manganese (Mn) 

Mercury (Hg) 

Molybdenum (Mo) 

Nickel (Ni) 

Selenium (Se) 

Silver (Ag) 

Sulfur (S) 

Thorium (Th) 

Tin (Sn) 

Uranium (U) 

Zinc (Zn) 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

% 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

<0.5 

37 

<1 

<0.1 

86 

2 

18 

11 

24 

0.02 

1 

5 

0.3 

0.1 

0.01 

11 

2 

4 

17 

<0.5 

4 

<1 

<0.1 

10 

<0.5 

2 

1.9 

6 

<0.01 

<0.5 

0.7 

<0.1 

<0.1 

<0.01 

1 

<0.5 

0.4 

2 

0.5 

11 

<1 

<0.1 

58 

<1 

12 

18 

44 

<0.01 

1 

3 

0.4 

<0.2 

<0.01 

120 

2 

9 

11 

<0.5 

3 

<1 

<0.1 

10 

4 

3 

5 

21 

0.02 

<0.5 

5 

0.1 

<0.1 

<0.01 

3 

<0.5 

0.9 

14 

<0.5 

6 

<1 

<0.1 

12 

2 

5 

7 

5 

0.02 

<0.5 

3 

0.2 

<0.1 

<0.01 

3 

<0.5 

1 

8 

*   Envirolab  Services (WA) Pty Lrd  (MPA Laboratories), Cerificate of Analysis 217289-B - See Appendix D 

** Envirolab  Services (WA) Pty Lrd  (MPA Laboratories), Cerificate  of Analysis 217492-B - See Appendix D 



Environmental Geochemistry International Pty Ltd 

 

 

TABLE 2: Geochemical abundance indices for tailings and overburden samples 

 
 

Element 

Median Soil 

Content * 

(mg/kg except %S) 

Geochemical Abundance Indices ** 

10t Bulk Fine 

Tailings 

10t Bulk Sand 

Tailings 

Overburden 

Gravelly Clay 

Overburden 

Sandy Clay 

Antimony (Sb) 

Arsenic (As) 

Bimuth (Bi) 

Cadmium (Cd) 

Chromium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Lead (Pb) 

Manganese (Mn) 

Mercury (Hg) 

Molybdenum (Mo) 

Nickel (Ni) 

Selenium (Se) 

Silver (Ag) 

Sulfur (S) 

Thorium (Th) 

Tin (Sn) 

Uranium (U) 

Zinc (Zn) 

1 

6 

0.2 

0.4 

70 

8 

30 

35 

1000 

0.06 

1.2 

50 

0.4 

0.05 

0.07 

9 

4 

2 

90 

0 

2 

<1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

<1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

<1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

<1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

* Median soil data from: 

Bowen, H.J.M. (1979) Environmental Chemistry of the Elements. Academic Press, London. 

Berkman, D.A. (1976) Field Geologists' Manual, The Australian Institute of Mining and Metallurgy,Australia. 

** GAI Enrichment Factors 

GAI = 0 Little or No Enrichm< 3 times median soil 

GAI=1 or 2 Minor Enrichment 1=3 to 6 times, 2=6 to 12 times 

GAI 3 to 6 Significant Enrichm 3=12 to 24 times, 4=24 to 48 times, 5= 48 to 96 times, or 6 ≥ 96 times 
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TABLE 3: Results of leaching of tailings, heavy mineral concentrate and overburden samples using the ASLP 
 

 
 

 
PARAMETER 

 
 

 
Unit 

 
 

Limit of 

Reporting 

ASLP Leachable Elements - Deionised Water 

10t Bulk Fine 

Tailings 

10t Bulk Sand 

Tailings 

10t Bulk 

HMC 

Overburden 

Gravelly Clay 

Overburden 

Sandy Clay 

Lab Report 

217289-B * 

Lab Report 

217289-B 

Lab Report 

217289-B 

Lab Report 

217492-B ** 

Lab Report 

217492-B 

pH of final leachate - 0.01 7.5 6.7 7.0 6.7 6.5 

Aluminium (Al) mg/L 0.01 1.1 (0.07) # 0.54 (0.08) 0.33 (0.08) 57 (1.7) 21 (0.48) 

Antimony (sb) mg/L 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Arsenic (As) mg/L 0.001 0.009 0.005 0.004 0.007 0.003 

Barium (Ba) mg/L 0.001 0.005 0.003 0.003 0.11 0.047 

Beryllium (Be) mg/L 0.0005 <0.0005 <0.0005 <0.0005 0.0016 0.0005 

Bismuth (Bi) mg/L 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Boron (B) mg/L 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 

Cadmium (Cd) mg/L 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Calcium (Ca) mg/L 0.5 <0.5 <0.5 0.7 <0.5 <0.5 

Chloride (Cl) mg/L 1 2 <1 2 4 17 

Chromium (VI) mg/L 0.005 <0.005 <0.005 0.034 <0.005 <0.005 

Chromium (Cr) mg/L 0.001 0.012 0.007 0.042 0.048 0.021 

Cobalt (Co) mg/L 0.001 <0.001 <0.001 <0.001 0.011 0.003 

Copper (Cu) mg/L 0.001 0.002 <0.001 0.002 0.007 0.005 

Fluoride (F) mg/L 0.1 0.3 <0.1 0.2 0.2 0.1 

Gallium (Ga) mg/L 0.001 <0.001 <0.001 <0.001 0.016 0.007 

Iron (Fe) mg/L 0.01 1.1 (0.09) 0.44 (0.07) 0.39 (0.12) 26 (1.4) 7.4 (0.32) 

Lanthanum (La) mg/L 0.0005 0.0009 0.0007 0.007 0.012 0.006 

Lead (Pb) mg/L 0.001 <0.001 <0.001 0.001 0.009 0.006 

Lithium (Li) mg/L 0.0005 0.0006 <0.0005 <0.0005 0.03 0.0086 

Magnesium (Mg) mg/L 0.5 <0.5 <0.5 <0.5 2.6 0.8 

Manganese (Mn) mg/L 0.005 <0.005 <0.005 <0.005 0.035 0.006 

Mercury (Hg) mg/L 0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 

Molybdenum (Mo) mg/L 0.001 0.003 <0.001 0.001 <0.001 <0.001 

Nickel (Ni) mg/L 0.001 <0.001 <0.001 0.001 0.020 0.008 

Phosphorus (P) mg/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Potassium (K) mg/L 0.5 1.3 <0.5 <0.5 4.9 2.1 

Selenium (Se) mg/L 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Silicon (Si) mg/L 0.1 2.7 (1.3) 1.0 (0.3) 0.9 (0.5) 83 (4.9) 29 (2.1) 

Silver (Ag) mg/L 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Sodium (Na) mg/L 0.5 2 <0.5 1.4 5.5 10 

Strontium (Sr) mg/L 0.001 0.001 <0.001 0.003 0.015 0.005 

Sulfate (SO4) mg/L 1 <1 <1 <1 <1 <1 

Thallium (Tl) mg/L 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Thorium (Th) mg/L 0.0005 0.0017 0.0008 0.0034 0.0085 0.0039 

Tin (Sn) mg/L 0.001 <0.001 <0.001 <0.001 0.003 0.001 

Titanium (Ti) mg/L 0.001 0.55 0.24 0.25 1.7 0.73 

Tungsten (W) mg/L 0.001 <0.001 <0.001 <0.001 0.002 0.001 

Uranium (U) mg/L 0.0005 0.0005 <0.0005 <0.0005 0.0023 0.001 

Vanadium (V) mg/L 0.001 0.029 0.013 0.011 0.059 0.024 

Zinc (Zn) mg/L 0.001 0.002 0.003 0.002 0.03 0.012 

Zirconium (Zr) mg/L 0.01 0.02 <0.01 0.01 0.070 0.03 

< indicates release of element is less than the limit of analytical reporting 

# values in brackets represent repeat assays recorded after 3 days of settling 

* Envirolab Services (WA) Pty Lrd (MPA Laboratories)   - Certificate of Analysis 217289-B  (See Appendix D) 

** Envirolab Services (WA) Pty Lrd (MPA Laboratories)  -  Certificate of Analysis 217492-B  (See Appendix D) 



 

 

 
 
 

TABLE 4: Comparison of total concentrations (TC) and leachable element concentrations (ASLP) with EPA Victoria Soil Hazard Categorisation Limits 
 

 
Fingerboards Mineral Sands Samples EPA Victoria - Soil Hazard Categorisation 

 
EPA Vic 

Contaminants 

10t Bulk 

Fine Tailings 
(FT Sludge) 

10t Bulk 

Sand Tailings 
(CT soil) 

10t Bulk 

HMC 

Overburden 

Gravelly 
Clay 

Overburden 

Sandy 
Clay 

Fill 

Upper 

Limit 

Category C 

Upper Limits 

Category B 

Upper Limits 

 
Category A 

ASLP TC ASLP TC ASLP TC ASLP TC ASLP TC TC 0 ASLP 1 TC 1 ASLP 2 TC 2 ASLP TC 

 (mg/L) (mg/kg) (mg/L) (mg/kg) (mg/L) (mg/kg) (mg/L) (mg/kg) (mg/L) (mg/kg) (mg/kg) (mg/L) (mg/kg) (mg/L) (mg/kg) (mg/L) (mg/kg) 

Arsenic (As) 0.009 37 0.005 4 0.004 11 0.007 3 0.003 6 20 0.7 500 2.8 2,000 >2.8 >2000 

Cadmium (Cd) <0.0001 <0.1 <0.0001 <0.1 <0.0001 <0.1 <0.0001 <0.1 <0.0001 <0.1 3 0.2 100 0.8 400 >0.8 >400 

Chromium (Cr-VI) <0.005 86 * <0.005 10 * 0.034 58 * <0.005 10 * <0.005 12 * 1 5 500 20 2,000 >20 >2000 

Copper (Cu) 0.002 18 <0.001 2 0.002 12 0.007 3 0.005 5 100 200 5,000 800 20,000 >800 >20000 

Lead (Pb) <0.001 11 <0.001 2 0.001 18 0.009 5 0.006 7 300 1 1,500 4 6,000 >4 >6000 

Mercury (Hg) <0.00005 0.02 <0.00005 <0.01 <0.00005 <0.01 <0.00005 0.02 <0.00005 0.02 1 0.1 75 0.4 300 >0.4 >300 

Molybdenum (Mo) 0.003 1 <0.001 <0.5 0.001 1 <0.001 <0.5 <0.001 <0.5 40 5 1,000 20 4,000 >20 >4000 

Nickel (Ni) <0.001 5 <0.001 1 0.001 3 0.002 5 0.008 3 60 2 3,000 8 12,000 >8 >12000 

Selenium (Se) <0.001 0.3 <0.001 <0.1 <0.001 0.4 <0.001 0.1 <0.001 0.2 10 1 50 4 200 >4 >200 

Silver (Ag) <0.001 0.1 <0.001 <0.1 <0.001 <0.2 <0.001 <0.1 <0.001 <0.1 10 10 180 40 720 >40 >720 

Tin (Sn) <0.001 2 <0.001 <0.5 <0.001 2 0.003 <0.5 0.001 <0.5 50 - 500 - - - - 

Zinc (Zn) 0.002 17 0.003 2 0.002 11 0.030 14 0.012 8 200 300 35,000 1,200 140,000 >1200 >140000 

< indicates release of element is less than the limit of analytical reporting 

* Refers to analysis of total chromium in tailings solids 
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Industrial Waste Resource Guidelines. 

Soil Hazard Categorisation and Management. 
Publication IWRG621, EPA Victoria, 2009. 
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INDUSTRIAL WASTE RESOURCE GUIDELINES 

 

SOIL HAZARD CATEGORISATION AND MANAGEMENT 
 

 

 

INTRODUCTION 

Producers of contaminated soil must categorise their 

waste into one of four categories, Category A, B, C or 

clean fill. 

This guideline applies only to soils (it is not suitable for 

rubble, concrete and other inert solid waste materials). 

WHAT THIS MEANS FOR YOU 

If you are a producer or treater of contaminated soils, 

you will be required to categorise the soil into 

Category A, B, C or clean fill to determine what 

management options are available for that material. 

WASTE CHARACTERISATION 

Waste characterisation involves an assessment of the 

soil, including site history, to identify which 

contaminants require analysis to determine the hazard 

category. The assessment must be for all chemical 

substances known and reasonably expected to be 

present in the waste. 

If the waste contains a contaminant that is potentially 

poisonous (acute), toxic (delayed or chronic) and/or 

ecotoxic and the contaminant is not listed in Table 2, 

the waste generator must apply to EPA for a 

determination of hazard category. 

Allowable contaminant levels for fill material are also 

specified in Table 2. EPA does not regulate the use of 

fill material. However, the Environment Protection Act 

1970 places general obligations to prevent adverse 

impacts on the environment and human health. Where 

there is potential for adverse impacts from the deposit 

of fill material, advice should be sought from EPA. 

SAMPLING AND ANALYSIS 

Soil sampling should be conducted in accordance with 

the IWRG Soil sampling, whilst soil analysis should be 

performed in accordance with the IWRG Sampling and 

analysis of waters, wastewaters, soils and wastes. 

EPA requires that leachability testing be undertaken in 

accordance with the Australian Standard Leaching 

Procedure (ASLP) (Australian Standards AS4439.2 

and 44396.3) by a NATA accredited laboratory. For 

contaminated soil going to disposal or re-use, it is 

necessary to perform ASLP using the acetate buffer 

solution (pH of 2.9 or pH 5, dependant on the pre- 

testing step as outline in the Australian Standard). 

There is no need to conduct leachability tests in cases 

where total concentration data indicates that all total 

concentration results are less than 20 times the 

relevant Category C leachable concentration upper 

limits. This reflects the effect of dilution resulting from 

the use of the Australian Standard Leaching 

Procedure. 

RECOMMENDED METHODS 

The recommended methods for contaminated soils are 

provided in the IWRG Solid industrial waste sampling. 

EPA has no plans to mandate methods for ‘totals’, but 

the method that is used must be appropriate to 

determine the ‘total concentration’ of the 

contaminants. 

Further information on these methods can be found on 

the USEPA website Test Methods SW-846 

www.epa.gov/epaoswer/hazwaste/test/main.htm and 

from the National  Environment  Protection 

(Assessment of Site Contamination) Measure 1999 

Guideline on Laboratory Analysis of Potentially 

Contaminated Soils 

www.ephc.gov.au/sites/default/files/ASC_NEPMsch 

03_Lab_Analysis_199912.pdf 

SPECIFIC CONTAMINANTS 

Many laboratories conduct Total Recoverable 

Hydrocarbon (TRH) analysis and report this for Total 

Petroleum Hydrocarbon (TPH). A number of people 

have raised concerns with using TRH result and 

reporting these as TPH due to the presence of other 

hydrocarbon substances, not related to petroleum 

hydrocarbons, that are included in a TRH test. Until 

 
 

 
 

1 
   

This guidance forms part of the Industrial Waste Resource Guidelines (IWRG), which offer guidance for wastes and resources regulated 

under the Environment Protection (Industrial Waste Resource) Regulations 2009 (the Regulations). Publication IWRG621 — June 2009. 

CONTENTS 

INTRODUCTION .................................................................. 1 

WHAT THIS MEANS FOR YOU .................................... 1 

WASTE CHARACTERISATION........................................... 1 

SAMPLING AND ANALYSIS ........................................ 1 

RECOMMENDED METHODS. ............................................ 1 

SPECIFIC CONTAMINANTS ............................................... 1 

WASTE CATEGORIES ................................................ 2 

MANAGEMENT OPTIONS ...................................... 7 

FURTHER INFORMATION ...................................... 7 

http://www.epa.vic.gov.au/waste/industrial-waste-guidelines.asp
http://www.epa.vic.gov.au/waste/industrial-waste-guidelines.asp
http://www.epa.gov/epaoswer/hazwaste/test/main.htm
http://www.ephc.gov.au/sites/default/files/ASC_NEPMsch__03_Lab_Analysis_199912.pdf
http://www.ephc.gov.au/sites/default/files/ASC_NEPMsch__03_Lab_Analysis_199912.pdf


SOIL HAZARD CATEGORISATION AND MANAGEMENT 

 

 

 

 

there is a routine test developed exclusively for TPH, it 

may be necessary to discuss with clients what options 

are available to remove non petroleum based 

hydrocarbons. 

To provide consistency in the approach of summing 

grouped contaminants and interpreting results that 

are below the limit of reporting, EPA recommends all 

positive values for the individual components be 

summed together. 

Soils with a pH value of 4 or less or a pH of 9 or more 

are considered to be Prescribed Industrial Wastes 

(PIWs). Table 1 provides further information on pH 

values that are applicable to Category A. 

Results for total concentrations are to be reported on 

a dry weight basis. 

WASTE CATEGORIES 

To determine the hazard category, contaminated soil 

must first be considered and excluded from Category 

A, then considered and excluded from Category B, 

before it can be considered as Category C. Figure 1 

shows a decision flowchart for classifying waste soils. 

Contaminated soils that display any specific hazard 

characteristic listed in Table 1 are categorised as 

Category A PIW. 

Table 2 contains the threshold limit values (upper 

limits) for each of the categories, including clean fill. 

Contaminated soils must be assessed against the total 

concentration (TC0, TC1 and TC2) and leachable 

concentration (ASLP1 and ASLP2) thresholds specified 

in Table 2 

Contaminated soils with any contaminant level above 

the TC2 or ALSP2 thresholds are categorised as 

Category A. Contaminated soils with any contaminant 

level greater than TC1, but below TC2, or greater than 

ASLP1, but below ASLP2 are categorised as Category 

B. Soils with any contaminant level greater than TC0, 

but below the TC1 and ALSP1 thresholds are 

categorised as Category C. Soils with all contaminant 

levels below the TC0 threshold are categorised as 

clean fill. 

If doubt exists as to which hazard category applies to a 

soil, seek advice from EPA. 

Landfill operators will require analytical results to 

demonstrate that the contaminated soil meets the 

relevant criteria set out in their licence. 
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Figure 1: Decision flow chart for waste soil 
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Table 1: Specific hazard characteristics 

 

Hazard characteristic Definition1 

Explosive wastes An explosive waste is a solid waste (or mixture of wastes) which is in itself capable, by chemical reaction, of 

producing gas at such a temperature, pressure and speed, as to cause damage to the surroundings. 

Note: These are wastes classified as ‘Class 1’ under the provisions of the Road Transport (Dangerous Goods) Act 

1995 and/or classified as ‘Goods too dangerous to be transported’ under the Australian Dangerous Goods Code. 

Flammable2 solid wastes Waste solids, other than those classified as explosives, which, under conditions encountered in transport or 

containment, are readily combustible, or may cause or contribute to fire through friction. 

Note: These are wastes classified as ‘Class 4.1’ under the provisions of the Road Transport (Dangerous Goods) 

Act 1995. 

Wastes liable to spontaneous 

combustion 

Wastes which are liable to spontaneous heating under normal conditions encountered in transport, or to 

heating up in contact with air, and liable to catch fire. 

Note: These are wastes classified as ‘Class 4.2’ under the provisions of the Road Transport (Dangerous Goods) 

Act 1995. 

Wastes which, in contact 

with water, emit flammable 

gases 

Wastes which, by interaction with water, are liable to become spontaneously flammable or to give off 

flammable gases in dangerous quantities. 

Note: These are wastes classified as ‘Class 4.3’ under the provisions of the Road Transport (Dangerous Goods) 

Act 1995. 

Oxidising wastes Wastes which, while in themselves not necessarily combustible, may, generally by yielding oxygen, cause or 

contribute to the combustion of other materials. 

Note: These are wastes classified as ‘Class 5.1’ under the provisions of the Road Transport (Dangerous Goods) 

Act 1995. 

Organic peroxide wastes Organic wastes which contain the bivalent-O-O-structure and which are thermally unstable and may undergo 

exothermic self-accelerating decomposition. 

Note: These are wastes classified as ‘Class 5.2’ under the provisions of the Road Transport (Dangerous Goods) 

Act 1995. 

Infectious wastes Wastes containing viable microorganisms or their toxins which are known or suspected to cause disease in 

animals or humans. 

Note: These include clinical and related wastes as prescribed in the Environment Protection (Prescribed Waste) 

Regulations 1998 and is waste classified as ‘Class 6.2’ under the provisions of the Road Transport (Dangerous 

Goods) Act 1995. 

Corrosive wastes Wastes which, by chemical action, will cause severe damage when in contact with living tissue, or in the case of 

leakage, will materially damage, or even destroy, other goods or the means of transport or containment. They 

may also cause other hazards. 

Where corrosivity testing data is not available, pH may be used to determine if the material is Category A. 

• pH value of 2 or less 

• pH value of 12.5 or more 

Note: This includes wastes classified as ‘Class 8’ under the provisions of the Road Transport (Dangerous Goods) 

Act 1995. 

Wastes that liberate toxic 

gases in contact with air or 

water 

Wastes which, by liberation with air or water, are liable to give off toxic gases in dangerous quantities. 

Note: These are wastes liable to give off toxic gases that are classified as ‘Class 2.3’ under the provisions of the 

Road Transport (Dangerous Goods) Act 1995. 

 
 
 
 
 
 
 

 

1 Definitions are adopted from the Industrial Waste Management Policy (Movement of Controlled Wastes between States and Territories) 2001. 

2 In this document the word ‘flammable’ has the same meaning as ‘inflammable’. Flammable liquid wastes are waste liquids, or mixtures of liquids, or liquids containing 
solids in solution or suspension (for example, paints, varnishes, lacquers, etc.) which give off flammable vapour at temperatures of not more than 60.5 °C (closed-cup 

test), or not more than 65.6 °C (open-cup test). Note: The definition of flammable liquid wastes are those wastes classified as ‘Class 3’ under the provisions of the 

Road Transport (Dangerous Goods) Act 1995. 
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Table 2: Soil hazard categorisation thresholds 
 

 

 
Category 

Fill Material 

upper limits 

Category C 

upper limits 

Category B 

upper limits 
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ASLP21 TC2 

Units 
 

(mg/kg) (mg/L) (mg/kg) (mg/L) (mg/kg) 

Inorganic species Inorganic species Inorganic species Inorganic species 

Arsenic  20 0.7 500 2.8 2,000 

Cadmium  3 0.2 100 0.8 400 

Chromium (VI)  1 5 500 20 2,000 

Copper  100 200 5,000 800 20,000 

Lead  300 1 1,500 4 6,000 

Mercury  1 0.1 75 0.4 300 

Molybdenum  40 5 1,000 20 4,000 

Nickel  60 2 3,000 8 12,000 

Tin  50 - 500 - - 

Selenium  10 1 50 4 200 

Silver  10 10 180 40 720 

Zinc  200 300 35,000 1,200 140,000 

Anions Anions Anions Anions 

Cyanide  50 8 2,500 32 10,000 

Fluoride  450 150 10,000 600 40,000 

Organic species Organic species Organic species Organic species 

Phenols (halogenated)2  1 2 10 8 320 

Phenols (non-halogenated)3  60 14 560 56 2,200 

Monocyclic aromatic hydrocarbons4  7 - 70 - 240 

Benzene  1 0.1 4 0.4 16 

Polycyclic aromatic hydrocarbons5  20 - 100 - 400 

Benzo(a)pyrene  1 0.001 5 0.004 20 

C6-C9 petroleum hydrocarbons  100 - 650 - 2,600 

C10-C36 petroleum hydrocarbons  1,000 - 10,000 - 40,000 

Polychlorinated biphenyls6  2 see note 6 see note 6 

Chlorinated hydrocarbons7  1   

Hexachlorobutadiene   0.07 2.8 0.28 11 

Vinyl chloride   0.03 1.2 0.12 4.8 

Other chlorinated hydrocarbons8   - 10 - 50 

Pesticides Pesticides Pesticides Pesticides 

Organochlorine pesticides9  1   

Aldrin + dieldrin   0.03 1.2 0.12 4.8 

DDT + DDD + DDE   2 50 - 50 

Chlordane   0.1 4 0.4 16 

Heptachlor   0.03 1.2 0.12 4.8 

Other organochlorine pesticides10   - 10 - 50 
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Notes 

1. Australian Standard Leaching Procedure (acetate buffer) as specified in Australian Standards 4439.2 and 4439.3. 

2. Total sum of 4-chloro-3-methylphenol, 2-chlorophenol, 2,4-dichlorophenol, 2,6-dichlorophenol, pentachlorophenol, 2,3,4,5-tetrachlorophenol, 
2,3,4,6-tetrachlorophenol, 2,3,5,6-tetrachlorophenol, 2,4,5-trichlorophenol, and 2,4,6-trichlorophenol. 

3. Total sum of phenol, 2-methylphenol (o-cresol), 3-methylphenol (m-cresol), 4-methylphenol (p-cresol), 2,4-dimethylphenol, 2.4-dinitrophenol, 2- 
methyl-4,6-dinitrophenol, 2-nitrophenol, 4-nitrophenol, 2-cyclohexyl-4,6-dinitrophenol and dinoseb. 

4. Total sum of benzene, toluene, ethyl benzene, xylenes (includes ortho, para and meta xylenes) and styrene. 

5. Total sum of naphthalene, acenaphthylene, acenaphthene, anthracene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
benzo(g,h,i)perylene, benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, fluorene, fluoranthene, indeno(1,2,3-c,d)pyrene, phenanthrene and 
pyrene. 

6. Soil containing polychlorinated biphenyls (PCBs) must be managed in accordance with the Notifiable Chemical Order for Polychlorinated 
Biphenyls. Industrial Waste Guidelines section Polychlorinated Biphenyls (PCBs) provides further information. 

7. Total sum of carbon tetrachloride, chlorobenzene, chloroform, 1,2-dichlorobenzene, 1,4-dichlorobenzene, 1,2-dichloroethane, 1,1-dichloroethene, 
1,2-dichloroethene, dichloromethane (methylene chloride), 1,1,1,2-tetrachloroethane, 1,1,2,2-tetrachloroethane, 1,2,4-trichlorobenzene, 1,1,1- 
trichloroethane, 1,1,2-trichloroethane, trichloroethene, tetrachloroethene, vinyl chloride and hexachlorobutadiene. 

8. Total sum of carbon tetrachloride, chlorobenzene, chloroform, 1,2-dichlorobenzene, 1,4-dichlorobenzene, 1,2-dichloroethane, 1,1-dichloroethene, 
1,2-dichloroethene, dichloromethane (methylene chloride), 1,1,1,2-tetrachloroethane, 1,1,2,2-tetrachloroethane, 1,2,4-trichlorobenzene, 1,1,1- 
trichloroethane, 1,1,2-trichloroethane, trichloroethene and tetrachloroethene. 

9. Total sum of aldrin, hexachlorobenzene, alpha BHC, beta BHC, gamma BHC (lindane), delta BHC, chlordane, DDT, DDD, DDE, dieldrin, endrin, 
endrin aldehyde, heptachlor, heptachlor epoxide, methoxychlor and endosulfan (includes endosulfan I, endosulfan II and endosulfan sulphate). 

10. Total sum of hexachlorobenzene(HCB), alpha BHC, beta BHC, gamma BHC (lindane), delta BHC, chlordane, endrin, endrin aldehyde, heptachlor, 
heptachlor epoxide, methoxychlor and endosulfan (includes endosulfan I, endosulfan II and endosulfan sulphate). 
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MANAGEMENT OPTIONS 

Waste generators must classify contaminated soil by 

hazard category in order to determine which facility is 

licensed to accept the soil. If the soil does not meet 

the acceptance criteria, further treatment or 

stabilisation will be required. 

Category C and Category B Contaminated soil can be 

accepted at a landfill or facility licensed by EPA to 

accept such waste. 

Category A Contaminated soil will require treatment to 

reduce or control the hazard before meeting 

acceptance criteria for disposal at an appropriate EPA- 

licensed facility. 

 

Table 3: Contaminated soil management options 
 

Category A 

contaminated soil 

• On-site remediation 

• Off-site remediation 

• Storage pending 

availability of treatment 

No disposal to landfill. 

• EPA transport certificates must be used. 

• Vehicles must hold EPA permit (unless exemption issued). 

Category B 

contaminated soil 

• On-site remediation 

• Off-site remediation 

• Licensed facility 

Disposal to licensed facility. 

• EPA Transport certificate system must be used. 

• Vehicles must hold EPA permit (unless exemption issued). 

Category C 

contaminated soil 

• On-site remediation 

• Off-site remediation 

• Licensed landfill 

Disposal to licensed landfill. 

• EPA Transport certificate system must be used. 

• Vehicles must hold EPA permit (unless exemption issued). 

 

 
Generators of contaminated soils may wish to submit a 

classification application to EPA for approval, where it 

can be demonstrated that a different category from 

that outlined above is appropriate for a particular 

contaminant or group of contaminants in soil. For 

example, a contaminant that is intrinsically 

immobilised (without treatment) may display a low 

hazard because of the very low leachable 

concentration, despite a relatively high total 

concentration. Applications will need to provide 

justification as to why the proposed management will 

achieve the best environmental outcome. Further 

analytical testing may also be required. The Industrial 

Waste Resource Guidelines (IWRG) Classifications – for 

Disposal provides further information on the 

requirements for a classification. 

 
FURTHER INFORMATION 

• Australian Standard 4439.2 — 1997, Wastes, 

sediments and contaminated soils. Part 2: 

Preparation of leachates — Zero headspace 

procedure 

• Australian Standard 4439.3 — 1997, Wastes, 

sediments and contaminated soils. Part 3: 

Preparation of leachates —Bottle leaching 

procedure 

• Australian Standard 4482.1 — 2005, Guide to 

sampling and investigation of potentially 

contaminated soil. Part 1: Non-volatile and semi- 

volatile compounds 
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INFORMATION BULLETIN 

 

ACID SULFATE SOIL AND ROCK 

Publication 655.1* July 2009 

 

INTRODUCTION 

This bulletin provides guidance to landowners, 

developers, consultants and other people involved in 

the disturbance of soil, sediment, rock and/or 

groundwater about identifying, classifying and 

managing acid sulfate soils and rock. 

Waste acid sulfate soils and rock must be managed in 

accordance with the requirements of the Industrial 

Waste Management Policy (Waste Acid Sulfate Soils) 

1999 referred to as ‘the Policy’. 

What are acid sulfate soils? 

The Policy defines ‘acid sulfate soil’ as: 

‘… any soil, sediment, unconsolidated geological 

material or disturbed consolidated rock mass 

containing metal sulfides which exceeds criteria for 

acid sulfate soils specified in Publication 655 

entitled ‘Acid Sulfate Soil and Rock’ published by 

the Authority in 1999 as amended from  time  to 

time or republished by the Authority’. 

The metal sulfides are principally pyrite — FeS2 — and 

exposure of them to oxygen and water can generate 

sulfuric acid. This may result in acidification of soil, 

sediment, rock, surface water and groundwater. Run- 

off and leachate from acid sulfate soils can adversely 

impact aquatic communities, agricultural and fisheries 

practices and engineering works. Acidic leachate can 

also dissolve aluminium, iron and other metals from 

soil and sediment, potentially impacting on the 

beneficial uses of the environment (established in 

State environment protection policies (SEPPs)). 

 

IDENTIFICATION, MANAGEMENT AND REUSE 

The Policy sets out the requirements for managing the 

disposal and reuse of waste acid sulfate soils, and 

specifies the responsibilities of those involved. This 

bulletin applies once acid sulfate soil is disturbed on a 

site and becomes a waste intended for reuse on that 

site or reuse/disposal offsite. 

The Environment Protection Act 1970 defines ‘waste’ 

as: 

‘…any discarded, rejected, unwanted surplus or 
abandoned matter.’ 

 

* This replaces publication 655, issued August 1999. 

Where the identification and management of acid 

sulfate soil and rock is required for the purposes of 

planning and/or land development (including 

according to the Environmental Effects Act (2006) or 

the State planning policy framework), the Victorian 

Coastal Acid Sulfate Soil Strategy and Victorian Best 

Practice Guidelines for Assessing and Managing 

Coastal Acid Sulfate Soils should also be consulted. 

Acid sulfate soils and sediments may occur in different 

environments to those where rocks with elevated 

levels of metal sulfides are found. Due to differences in 

chemical and physical properties, they have distinct 

identification and assessment requirements. For this 

reason, parts of this publication distinguish between 

soils (including sediments) and rocks. However, for the 

purposes of the Policy, acid sulfate soils, sediments 

and rocks are all identified by the term ‘acid sulfate 

soil’. 

 

OVERVIEW 

Acid sulfate soils and rocks can affect land use and 

development. Their classification and management 

needs to be considered during the planning stage – 

before land is cleared, drained or construction works 

begin. 

Disturbance of acid sulfate soils and rock can 

adversely impact land, water and ecosystems in the 

following ways: 

• Environmental quality — affecting soil quality, 

surface and groundwater quality, and aquatic 

habitats. 

• Agricultural practices — loss of rural productivity, 

loss of commercial and recreational fisheries, the 

cost of additional lime and fertilizer requirements 

and degradation of drainage systems. 

• Engineering and landscaping works —– the 

corrosion of concrete and steel and the design of 

transport structures (i.e. road or rail), buildings, 

embankments and drainage systems to avoid 

impacted areas. 

• Human health — skin and eye irritation, 

contamination of drinking water and occupational 

health and safety risks. 

The potential environmental impact of acid sulfate 

soils depends on a number of factors, including the 

following: 
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• Exposure to oxidising conditions — acid sulfate soils 

cannot commence generating acidic discharges 

unless exposed to oxygen and water. 

• The volume, texture and sulfidic characteristics of 

the soil being disturbed — higher volumes of 

disturbance, greater porosity (i.e. sands), or higher 

percentages of sulphide often result in higher rates 

of acid generation and greater impacts. 

• Capacity for self-neutralisation — acidic discharges 

may be neutralised as they occur, depending on 

the content and nature of neutralising material 

present in the soil, including organic material 

and/or carbonates (e.g. fine-grained shell matter or 

lime). 

• The acid buffering capacity of the receiving 

environment — for example, some water 

environments. Acid buffering capacity of soil and 

water is often limited, so may not provide 

neutralising capacity in the long term. 

• The concentrations of aluminium, iron and other 

metals in soils or rock and the potential for acidic 

discharges to dissolve these metals. 

These factors will determine the environmental risk 

posed by acid sulfate soils. Depending on the 

circumstances, acidic discharges may be harmless in 

one environment, but hazardous in another. The risk 

and hazard posed must be assessed on a case-by-case 

basis. 

 

ACTIVITIES THAT CAN DISTURB ACID 

SULFATE SOIL 

The following activities may create a disturbance in 

acid sulfate soil and sediments: 

• excavation of land 

• lowering the groundwater table 

• filling land or stockpiling soil over in situ potential 

acid sulfate soil (PASS) — more than 100 m3 of fill 

or stockpiling soil with an average depth of 0.5 m 

or greater1 

• planting vegetation or crops that may lower the 

water table 

• costal or inshore dredging 

Activities that may disturb acid sulfate rock and 

generate finer material include: 

• excavating and/or tunnelling 

• blasting 

• drilling or grinding. 

OCCURRENCE 

Acid sulfate soils 

Generally occur in soil formations that: 

• contain elevated concentrations of metal sulfides — 

either naturally or due to anthropogenic causes. 

• were originally deposited in shallow marine or 

estuarine environments, often appearing as soft, 

black, dark grey or dark greenish-grey muds. 

• are below or above high tide level, but generally 

between 5 and 20 m AHD2. 

May be present as: 

• PASS — soil that contains unoxidised metal sulfides. 

This only exists under oxygen-free or waterlogged 

conditions. If disturbed, it can produce acid 

• actual acid sulfate soil (AASS) — soil that has been 

exposed to oxygen and water, and is already acidic. 

Most acid sulfate soils were deposited during the 

Holocene geological age (the last 10,000 years), for 

example, the Coode Island Silt formation. However, 

they may be as old as the Tertiary geological period 

(more than a million years ago), for example, some of 

the sandy formations, such as the Brighton Group, that 

underlie the south-eastern suburbs of Melbourne. 

Present-day estuarine and marine sediments may also 

have acid sulfate properties, for example, anoxic 

sediments in the Hopkins River estuary near 

Warrnambool. 

They may also be present as monosulfidic black ooze 

(MBO) – a soft, black coloured soil, with high organic 

content, enriched with iron monosulfide (FeS). MBO 

commonly occurs on the beds of lakes, swamps, drains 

and channels. Particular care must be taken when 

handling it as it tends to oxidise more rapidly than 

pyrite-based material. 

Some mapping of areas with the potential to contain 

acid sulfate soil in Victoria has been carried out and is 

included in the Victorian Coastal Acid Sulfate Soil 

Strategy found at 

www.dpi.vic.gov.au/dpi/vro/vrosite.nsf/pages/soil_aci 

d_sulfate_soils. 

Acid sulfate rocks 

The occurrence of metal sulfides in rocks is not 

restricted to any particular rock type, depositional 

environment or age. Metal sulfides can be found in 

most rocks, however, they generally occur at very low 

concentrations, where the risk of adverse 

environmental impact due to acid generation is 

minimal. At elevated concentrations, the risk becomes 

higher. They may be concentrated in rocks due to 

geological processes. 

 
 

  

 

1 These activities can force the underlying ASS above the water 
table at the margins of the added soil or fill. 

2 Australian Height Datum: defined as the mean Australian sea 
level based on historic data. 
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Metal sulfides are associated with many ore deposits, 

including coal, precious metals (e.g. gold, silver, and 

platinum), base metals (e.g. copper, lead, tin, zinc) and 

uranium. Acid generation from mine wastes affects 

many sectors of the mining industry and is one of the 

most significant environmental issues they face. 

In Victoria, for example, metal sulfides are usually 

associated with gold-bearing sediments found 

throughout the State. These sediments are usually 

from Cambrian to Middle Devonian age. Sulfide 

enrichment is also associated with most coal deposits 

and has also been found in Silurian aged siltstones 

that underlie the Melbourne/Ringwood/Kilmore area. 

 

RISK-BASED APPROACH TO IDENTIFICATION 

AND CLASSIFICATION 

A desktop assessment can be undertaken by a person 

with limited acid sulfate soil experience or training, but 

a site assessment and classification must be 

performed by a suitably qualified and experienced 

person. 

Desktop and initial field assessment 

A desktop and initial field assessment is carried out to 

determine if acid sulfate soil may be present onsite. It 

should include the following criteria: 

1. Potential for the site to be an acid sulfate soil risk 

area based on — 

• whether acid sulfate soil has been previously 

identified at or near the site 

• whether the site is located in a Prospective 

Land Zone as indicated by the Coastal Acid 

Sulfate Soil hazard maps 

or 

• whether the site, or area to be disturbed, is at 

or below 5 mAHD and the natural ground 

surface is below 20 mAHD. 

2. Geological information and visual inspection for 

presence of sulfides. This can be used to assist in 

the identification of acid sulfate rock. Sulfide 

minerals in rock usually have either a shiny or dull 

metallic appearance. If weathered, these minerals 

may appear tarnished or rusty. 

3. Field indicators for soil and water. These are used 

to assist in the identification of acid sulfate soils. 

Refer to Appendix 1 for the field indicators list. 

4. Field soil pH testing. This provides a quick and 

useful approach to indicate the likely presence of 

PASS or AASS. The procedure and interpretation 

of the pH testing is explained in Appendix 1. 

If one or more of the above criteria is observed, then 

further investigation should be undertaken to confirm 

whether acid sulfate soils or rock are present. 

SITE ASSESSMENT PRIOR TO DISTURBANCE 

Sampling equipment must be chosen to ensure that 

soil is sampled in situ and that minimal amounts of 

oxygen and water are introduced to the soil profile 

during or after sampling. A variety of mechanical and 

manual techniques are available (refer to Ahern et al., 

1998). 

Table 1 includes sampling frequencies for assessment 

of acid sulfate soils. For the assessment of rocks, 

sampling frequencies may be determined by the 

assessor based on site conditions, provided that a 

sufficient selection of samples is obtained to 

adequately characterise and classify the material. 

Samples should be collected at each change in soil 

horizon, or every 0.5 m (including a surface sample), 

to a total depth of one metre below the proposed 

development depth, or two metres below the surface 

(whichever is greater). 

A field description of the soil should be noted, 

including: location, depth, colour, texture, and 

presence of field indicators (Appendix 1), organic 

matter or shell fragments. All visible shell fragments 

must be removed during sampling. 

The presence and severity of acid sulfate soils and 

rocks can be confirmed by laboratory analysis. 

Samples should be delivered to a NATA-accredited 

laboratory within 24 hours of collection. If required,  

they may be frozen, or oven dried to 80-85°C in a fan 

forced oven and stored in a low-humidity environment, 

until received by a laboratory. Analytical methods for 

determination of acid sulfate properties  are described 

in Appendix 2. 

Particle size analysis should be undertaken to ensure 

suitable criteria are used for specific soils. 

In addition to assessment for acid sulfate properties, 

an assessment should also be undertaken for potential 

contamination by metals and other wastes. Acid 

sulfate soils that are contaminated with metals or 

other wastes require management in accordance with 

the Environment Protection (Prescribed Waste) 

Regulations 1998 in addition to management in 

accordance with the Policy. 
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Table 1: Sampling frequency for acid sulfate assessment of waste soil 
 

Type of disturbance Extent of site Sample point frequency 

Small volumes (<1000 m3) — prior to Volume of disturbance:  

disturbance <250 m3
 2 boreholes 

 250—1000 m3
 3 boreholes 

 >1000 m3 As for area-based (see below) 

Area-based — prior to disturbance Project area: <1 ha 4 boreholes 
 1—2 ha 6 boreholes 
 2—3 ha 8 boreholes 
 3—4 ha 10 boreholes 

 >4 ha 2 boreholes per ha 

Linear (<100 m in width) – e.g. a pipeline N/A At 100 m intervals 

Stockpiles N/A As per EPA publication 1178 

CLASSIFICATION OF ACID SULFATE SOIL 

The criteria for determining whether soils and rocks 

have potential to generate acid, and are therefore 

classified in accordance with the Policy as acid sulfate 

soils, are listed in Appendix 3. These criteria are based 

on soil texture (for soils only) and/or chemical 

measures. Analytical methods for these measures are 

explained in Appendix 2. 

There are separate criteria for soils and for rocks. If 

any of the criteria is in excess of the tables in 

Appendix 3, the material is classified as acid sulfate 

soil, regardless of whether it is soil or rock. 

In the case of soils, the criteria also relate to soil 

texture. The clay content of soil influences the amount 

of sulfuric acid generated after soil disturbance. Clay- 

rich soils generally have a higher natural pH buffering 

capacity than clay-poor soils. This means that they can 

neutralise more acid than clay-poor soils. As a result 

the levels of oxidisable sulfur in the soil, which require 

management action, vary with clay content. Particle 

size analysis should be undertaken to ensure suitable 

criteria are used for specific soils. 

 

MANAGEMENT MEASURES 

Sites that contain, receive or propose to receive waste 

acid sulfate soils need to be assessed and managed to 

avoid adverse environmental impacts. You can only 

dispose of or reuse waste acid sulfate soil at premises 

that have an appropriate licence under the 

Environment Protection Act 1970 or an Environmental 

Management Plan (EMP) approved by EPA. In 

accordance with the Policy, onsite management of 

waste acid sulfate soil may take place where best 

practice environmental management guidelines, which 

have been approved by the Authority, are used. 

Information obtained during the site assessment will 

assist in developing project and site specific acid 

sulfate soils management plans. This information 

should include knowledge of the lateral and vertical 

extent of acid sulfate soils, groundwater 

characteristics and specific geochemical composition. 

In situations where acid sulfate soils may be disturbed 

during development (such as excavation, exposure, 

dewatering or placement of fill), the site should be 

managed to avoid and control adverse environmental 

impacts. If they are excavated and brought to the 

surface, specific management and handling of the soil 

will also be required. 

The suitability of management measures will depend  

on the nature and location of the acid sulfate soils. The 

hierarchy for management is: 

1 Avoid disturbance 

2 Minimise disturbance 

3 Prevent oxidation 

4 Treat to reduce or neutralise acidity 

5 Offsite reuse or disposal 
 

Common management approaches 

Acid sulfate soil management plans may require the 

implementation of several management strategies in 

order to be effective. The explanations below give a 

brief summary of common management approaches 

within the management hierarchy. For more 

information consult the Victorian Best Practice 

Guidelines for Assessing and Managing Coastal Acid 

Sulfate Soils. 

Avoid disturbance or drainage of acid sulfate soil 

Select areas onsite or alternative sites which do not 

contain acid sulfate soils. 
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Minimise disturbance or drainage of acid sulfate soil 

Project works can be designed to minimise the need 

for excavation or disturbance of acid sulfate soils. 

Prevent oxidation 

This may include placing PASS into an anaerobic 

environment, usually below the water table. However, 

AASS must not be disposed of below the water table 

without prior neutralisation or implemented control 

measures. 

Minimise oxidation rate 

This may include covering (capping) exposed material 

with low permeability soil (such as clay) to reduce 

oxygen availability and to prevent infiltration of water, 

reducing the potential for leaching. Additional 

methods may include securing high-density 

polyethylene (HDPE) sheeting over acid sulfate soils 

for short periods, or controlling bacteria and other 

limiting factors (e.g. alkalinity) by either physical or 

chemical means to reduce oxidation rate. 

Separate higher risk acid sulfate material from lower risk 
materials 

Strategic excavation of soil to keep high risk and lower 

risk materials separate can minimise the volume of 

acid sulfate material requiring management. This may 

also include sluicing or hydrocycloning techniques 

(often used during dredging), to separate acid sulfate 

fines from non-acid sulfate material, followed by 

treatment and/or disposal of acid sulfate fines. 

Provide an agent to neutralise acid as it is produced 

Typically, this would involve mixing the acid sulfate soil 

with lime or another neutralising agent, at 

predetermined rates. The rate of lime application must 

be managed carefully to avoid mobilisation of other 

compounds in soil such as ammonia. Verification 

testing should be carried out following treatment to 

confirm an acceptable rate of neutralisation. 

Contain and treat acid drainage to minimise risk of 
significant offsite impacts 

Typically, this would involve installing a leachate or 

run-off collection, storage and treatment system, 

ensuring that leachate or run-off does not infiltrate 

into local sewers, soil, groundwater or surface water 

receptors. 

Manage stockpiled materials 

Stockpiled acid sulfate soil material needs to be 

managed to ensure no adverse environmental impacts 

occur. This may include placement of stockpiles on low 

permeable bases, application of lime beneath 

stockpiles, bunding around the storage area, 

minimising the quantity and duration of material 

requiring storage, covering with HDPE sheeting to 

minimise infiltration and limit oxygen exposure, 

diverting upgradient stormwater run-off, controlling 

erosion and collection/treatment of run-off and 

leachate. 

Reuse of treated acid sulfate soil onsite 

Actual acid sulfate material may be reused onsite if it 

has been treated and has undergone testing to verify 

the effectiveness of that treatment. You should ensure 

that the geotechnical properties are acceptable for the 

desired use. If reburial is planned, the pit walls and 

base should be limed, at a predetermined rate, prior to 

backfill. You should prepare and implement an EMP for 

the management of this waste. 

Offsite disposal of acid sulfate soils 

Acid sulfate material may be removed offsite and 

reused or disposed of in accordance with the Policy. 

Other management approaches 

Innovative site-specific management measures should 

be trialled on a small scale and assessed prior to 

inclusion in a management plan. Additionally, acid 

sulfate soils management and any proposed 

alternative approaches to management, should be 

approved by EPA prior to implementation. 

 

DISPOSAL OR REUSE OF WASTE ACID 

SULFATE SOIL 

In accordance with the Policy, off-site disposal or 

reuse of waste acid sulfate soil may only occur at 

premises that are: 

• licensed to dispose of that type of waste under the 

Environment Protection Act 1970 

or 

• where an EMP, prepared in accordance with the 

Policy, has been approved by the Authority. 

An EMP should be prepared for all proposals likely to 

disturb acid sulfate soils and must be prepared for all 

sites receiving waste acid sulfate soil. 

Environmental management plans 

An EMP is a document signed by the occupier of the 

premises, or by an officer authorised by the occupier 

for this purpose, that describes how the occupier will 

achieve acceptable environmental outcomes, including 

compliance with the Policy and all other applicable 

legal requirements by specifying detailed operating 

conditions. Matters that must be included in an EMP 

are specified in the Policy and must include a 

community engagement strategy. 

EPA also considers these issues in assessing any 

application to amend a licence to allow for the disposal 

or reuse of such soils at a site. 

Requirements of EMPs are broadly framed to enable 

them to be carefully tailored to address the specific 

issues faced by occupiers on a case-by-case basis. 
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Exemptions from EMP requirement 

Waste acid sulfate soils sourced from a subaqueous 

environment, which are intended to be directly 

disposed of to a marine or estuarine spoil ground do 

not require an EMP, but still require careful 

management. Approval of the appropriate regulatory 

authority must be obtained, oxidation minimised, and 

disposal conducted in accordance with current best 

practice for dredging. 

An occupier of premises regulated under the Mineral 

Resources (Sustainable Development) Act 1990 (‘MR 

Act’) or the  Extractive Industries Development Act 

1995 (‘EI Act’), and exempted under Part 3 of the 

Environment Protection (Scheduled Premises and 

Exemptions) Regulations 2007 is also exempt from the 

need for an EMP for on-site handling of waste acid 

sulfate soil sourced from the premises. 

The MR and EI Acts require sites to be licensed and 

have an approved work plan, including an EMP. The 

Department of Primary Industries is responsible for 

the administration and approval of licences and work 

plans under the MR and EI Acts. It is anticipated that 

licences and work plans issued pursuant to these Acts 

would, where necessary, place management 

requirements on operations consistent with the 

objectives of the Policy. 

Application for approval of EMP 

EPA recommends that before applying for approval of 

an EMP, you contact the relevant EPA regional office 

to discuss the contents of the plan and identify other 

information that may be required. 

The Environment Protection Act 1970 has substantial 

penalties that apply to individuals, companies and/or 

directors for pollution of land, surface water and 

groundwaters.. Everyone involved with acid sulfate soil 

should ensure they comply with the legislation, 

relevant State environment protection policies, 

industrial waste management policy and other 

environmental requirements. 
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FURTHER INFORMATION AND REFERENCES 

Additional detailed information on the assessment and 

management of acid sulfate soils is contained in: 

• Ahern CR et al. 2004. Acid Sulfate Soils Laboratory 

Methods Guidelines. Queensland Department of 

Natural Resources, Mines and Energy, Queensland. 

• Ahern, C.R et al. 1998. Guidelines for Sampling and 

Analysis of Lowland Acid Sulfate Soils (ASS) in 

Queensland. QASSIT, Department of Natural 

Resources, Queensland. 

• Australian Government Department of Industry 

Tourism and Resources, 1995–8. Best Practice 

Environmental Management in Mining (series). 

• Dear SE et al., 2002. Soil Management Guidelines. 

In Queensland Acid Sulfate Soil Technical Manual. 

Department of Natural Resources and Mines, 

Queensland. 

• Department of Environment and Conservation 

2009, Identification and Investigation of Acid 

Sulfate Soils and Acidic Landscapes: Acidic Sulfate 

Soils Guidelines Series. West Australia. 

• Department of Sustainability and Environment, in 

draft 2009. Victorian Coastal Acid Sulfate Soil 

Strategy. 

• Department of Sustainability and Environment, in 

draft 2009. Victorian Best Practice Guidelines for 

assessing and managing coastal acid sulfate soils. 

• EPA 2001. Best practice environmental 

management: Guidelines for dredging, EPA 

publication 691. 

• EPA 2007, Soils sampling guideline (Off-site 

management and acceptance to landfill), EPA 

publication 1178. 

• EPA 2009. Sampling and analysis of waters, 

wastewaters, soils and wastes. EPA publication 

IWRG701. 

• Miller S, Robertson A, Donahue T 1997, Advances in 

Acid Drainage Prediction using the Net Acid 

Generation (NAG) Test, 4th International 

Conference on Acid Rock Drainage, Vancouver, BC 

• Sobek AA, Schuller WA, Freeman JR, Smith RM 

1978, Field and Laboratory Methods Applicable to 

Overburdens and Minesoils, USEPA Publication 

EPA-600/2-78-054 

• Standards Australia series AS 4969, 2008/9, 

Analysis of acid sulfate soil — Dried samples — 

Methods of test. 

 
These publications should be consulted when 

assessing the likely occurrence, extent and 

management options for acid sulfate soils and rock. 

Where documents are reviewed or updated, the most 

recent version should be used. 

EPA Contact 

Please see the ‘Contact Details’ page of EPA’s website 

www.epa.vic.gov.au. 
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APPENDIX 1: INITIAL FIELD ASSESSMENT FOR ACID SULFATE SOIL 
 

Field indicators for soil 

Field indicators for AASS include: 

• water of pH <5.5 in groundwater or adjacent 

streams, drains, groundwater or ponding on the 

surface 

• unusually clear or milky blue-green drain water 

within or flowing from the area (aluminium 

released by the acid sulfate soils acts as a 

flocculating agent) 

• extensive iron stains on any drain or pond surfaces, 

iron-stained water or ochre deposits 

• any jarositic (jarosite is a pale yellow mineral 

deposit which can precipitate as pore fillings and 

coatings on fissures) horizons or iron oxide 

mottling in auger holes or recently dug surfaces; 

with a fluctuating water table, jarosite may be 

found along cracks and root channels in the soil 

— however, jarosite is not always found in actual 

acid sulfate soils 

• jarosite present in surface encrustations or in any 

Field indicators for groundwater 

Groundwater indicators for acid sulfate soils are: 

• pH <5.0 

• elevated dissolved sulfate 

• dissolved mass-based chloride:sulfate ratio (Cl:SO4) 

< 4.0. 

The presence of these indicators may not necessarily 

be due to the presence of acid sulfate soils and further 

assessment should be conducted if one or more of 

these indicators are present. 

Field pH tests 

Field pH tests are carried out to indicate the likely 

presence of PASS or AASS. The tests may be 

conducted in the field by a trained practitioner, or in a 

NATA-accredited laboratory. 

The test involves measuring soil pH before and after 

oxidation using the following parameters: 

pHF — measure of soil pH of a soil:water paste 
material dredged or excavated and left exposed pHFOX — measure of soil pH after rapid oxidation with 

• corrosion of concrete and/or steel structures 

• dominance of mangroves, reeds, rushes and other 

swamp-tolerant vegetation – including estuarine 

occurrences of swamp paperbark (Melaleuca 

ericafolia), swamp mahogany (Eucalyptus robusta) 

and swamp oak (Casuarina glauca). 

Field indicators for PASS include: 

• typically waterlogged, soft muds (soft, buttery 

texture) or estuarine silty sands 

• mid to dark grey to dark greenish-grey coloured 

soils or sediments 

• offensive odour, predominantly due to ‘rotten egg 

gas’ (H2S). 

hydrogen peroxide (H2O2) 

Effervescence (or reaction rate) — a visual measure of 

the vigorousness of the oxidation reaction where: 1 = 

slight; 2 = moderate; 3 = high; and 4 = extreme. 

Interpretation of the results and actions required are 

summarised in Table 2. Even if only one positive result 

is obtained, the required action should be followed. 

Detailed information of the testing technique is 

presented in the Acid Sulfate Soils Laboratory Methods 

Guidelines 2004. 

 

Table 2: Interpretation of field pH results 
 

pHF pHFOX pH Reaction Rate Action required 

≥ 5.0 ≤ 5.0 ≤ 2 1—2 If no other field indicators or acid sulfate soil risk indicators are 

present, no further action is required 

> 4.0 and < 5.0 > 3.0 and < 5.0 > 2 ≥ 2 PASS may be present, further assessment is required 

≤ 4.0 ≤ 3.0 > 2 ≥ 2 AASS or PASS are likely to be present, further assessment is 

required 
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APPENDIX 2: ANALYTICAL METHODS FOR ACID SULFATE ASSESSMENT 

Prior to analysis, the most appropriate method for 

analysing acid sulfate soil or rock should be selected. 

Selection of analytical methods 

Selection of appropriate assessment, sampling and 

analytical methods should be based on 

characterisation of the material in terms of the 

unconfined (or uniaxial) compressive strength of an 

intact sample of the material. These estimates can be 

determined using simple field techniques as follows: 

• Soil and sediments — geological material that has 

an unconfined compressive strength less than 25 

megapascals (MPa), that is, an intact sample can be 

deeply cut with a knife, crumbled with a pick, or 

flattened or powdered with a hammer. Materials in 

this category include soil, sediment and very weak 

rock, which are estimated to behave as soil under 

field and analytical conditions. Assess using  the 

risk based approach and analytical methods for  

acid sulfate soil. 

• Rock — geological material that has an unconfined 

compressive strength greater than 25 MPa, that is, 

an intact sample can at most be shallowly cut or 

scratched with a knife, indented deeply with a pick,  

or shattered into many small fragments with a 

hammer. Materials in this category include weak 

through to very strong rocks which are estimated to 

behave as rock materials under field and analytical 

conditions. Assess using the risk based approach 

and analytical methods for acid sulfate rock. 

Analytical methods for soil 

Analysis of acid sulfate soils should include 

determination of existing and potential acidity and 

acid neutralising capacity. 

Potential acidity is assessed using one of the following 

methods: 

• SCR or SPOS — measures sulfide content and is used 

to calculate potential sulfidic acidity 

• TSA or TPA — measures acidity from sulfide 

oxidation minus self-neutralising capacity 

Existing acidity is assessed (if pHF is <5.5) using one of 

the following methods: 

• TAA — measures recently generated and soluble 

acidity 

• Acid-soluble sulfur (SNAS and SRAS) — measures 

acidity retained on non-soluble minerals. 

Acid-neutralising capacity (ANC) measures the self- 

neutralising capacity of the soil. 

The net acidity calculation requires conversion of all 

results into either %S or mol H+/tonne units. Net 

acidity is calculated by the following method: 

Net acidity = Potential acidity + actual acidity 

+ retained acidity – (ANC/FF) 

where FF = fineness factor, assumed to be 1.5 for safety. 

A positive net acidity indicates that the soil has the 

potential to generate acid. A negative net acidity 

indicates that a soil is unlikely to generate significant 

amounts of acid. 

Either the ‘suspension peroxide oxidation combined 

acidity sulfur’ (SPOCAS) or ‘chromium reducible sulfur’ 

(SCR) suite methods may be used to determine net 

acidity. Detailed information on methods of analysis 

can be found in Standards Australia series AS 4969 

(2008/9) Analysis of acid sulfate soil. 

Different analytical suites provide different types and 

levels of information on the soil chemistry. A 

combination of analyses may be required and a 

detailed knowledge of soil chemistry is necessary. 

Professional advice on appropriate laboratory 

methods should be sought prior to commencement of 

laboratory analysis. As a general guide: 

• the SPOCAS suite is effective for coarser textured 

sediments 

• the SCR suite is effective for assessing soils with 

lower percentages of sulfide and for soils 

containing organic material. 

Whichever method of analysis is chosen, it is 

recommended that a minimum of 10 per cent of 

samples are analysed using the other method for 

QA/QC purposes. 

Analytical methods for rock 

Analysis of acid sulfate rock should include 

determination of the net acid generation (NAG) and 

net acid production potential (NAPP) methods. 

The NAG method provides a direct measure of the acid 

potential of sulfidic rock using: 

• final NAG pH — this is the pH of a slurry of the 

sample that has been oxidised; and 

• NAG value — this is the measure of acidity after 

oxidation of the sample (in kg H2SO4/tonne of rock). 

The NAPP method uses two tests to derive the NAPP 

value. It is similar to acid base accounting (ABA) and uses: 

• Acid neutralising capacity (ANC) — which is a direct 

measure of the amount of acid the sample can 

neutralise and is expressed in kilograms of sulfuric 

acid per tonne of rock 

• Maximum potential acidity (MPA) — which is 

calculated from the total amount of sulfur in a 

sample and is an estimate of the maximum acidity 

a rock can generate. 

The NAPP value is then calculated as follows: 

NAPP = MPA — ANC 

Detailed information on methods of analysis can be 

found in the Miller et al. (1997) and USEPA Method 

EPA-600/2-78-054. 
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APPENDIX 3: CRITERIA FOR ACID SULFATE SOILS 

There are separate criteria for soils and rocks. If any of the criteria are exceeded in the appropriate table, the material 

is classified as acid sulfate soil. 

Criteria for classification of acid sulfate soil 

Texture based criteria for determining whether soils are classified as acid sulfate soils are provided in Table 3. 

Table 3: Texture based action criteria for classification of acid sulfate soil 
 

 
Soil or sediment 

texture1 

 
Approximate clay 

content (%) 

Net acidity criteria (1-1000 tonnes) Net acidity criteria (>1000 tonnes) 

(%S) 

(oven-dry basis) 

mol H+ /tonne 

(oven-dry basis) 

(%S) 

(oven-dry basis) 

mol H+ /tonne 

(oven-dry basis) 

Sands to loamy 

sands 
< 5 0.03 18 0.03 18 

Sandy loams to 

light clays 
5-40 0.06 36 0.03 18 

Medium to heavy 

clays and silty clays 
> 40 0.1 62 0.03 18 

(Source: Acid Sulfate Soils Technical Manual: Soil Management Guidelines, 2002) 

Notes 

1. Soil or sediment texture is defined in the Australian Soil and Land Survey — Field Handbook, McDonald RC, Isbell RF, Speight JG, Walker J, Hopkins MS (1990), 2nd ed. 

2. The %S and mol H+/tonne values should be determined using the net acidity calculation from either the SPOCAS or SCR methods outlined in the Standards Australia 

series AS 4969 (2008/9) Analysis of acid sulfate soil. 

Criteria for classification of acid sulfate rock 

The criteria for determining whether rocks have the potential to generate acid are given in Table 4.  

Table 4: Criteria for classification of acid sulfate rock 
 

Final NAG pH3 
NAPP3 

(kg H2SO4 / tonne) 
Classification 

<4.5 Positive Potentially acid forming 

>4.5 Negative Non acid forming 

Notes 

1. Final net acid generation (NAG), pH, NAG value and NAPP calculations are to be determined by the methods given in Miller et al. (1997) and USEPA Method EPA-600/2- 

78-054. 
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APPENDIX 4: FLOW CHART FOR DECISION-MAKING AND ASSESSING REGULATORY 

OBLIGATIONS 
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Coastal Acid Sulfate Soil Mapping 

Agriculture Victoria 
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CERTIFICATE OF ANALYSIS 217289-B 
 

Client Details 

Client Kalbar Resources 

Attention Steve Thomas 

Address 

 
 

Sample Details 

Your Reference Kalbar Resources 

Number of Samples 1 Sludge, 2 Soils 

Date samples received 15/11/2018 

Date completed instructions received 08/11/2018 

 
 

Analysis Details 

Please refer to the following pages for results, methodology summary and quality control data. 

Samples were analysed as received from the client. Results relate specifically to the samples as received. 

Results are reported on a dry weight basis for solids and on an as received basis for other matrices. 

Please refer to the last page of this report for any comments relating to the results. 

 
 

Report Details 

Date results requested by 22/11/2018 

Date of Issue 23/11/2018 

NATA Accreditation Number 2901. This document shall not be reproduced except in full. 

Accredited for compliance with ISO/IEC 17025 - Testing. Tests not covered by NATA are denoted with * 

 
 
 
 
 
 
 
 
 
 
 

 
Results Approved By 

Heram Halim, Inorganics Team Leader 

Michael Mowle, Metals/Inorganics Supervisor 

Todd Lee, Laboratory Manager, Perth 

 
Authorised By 

 

 

Todd Lee, Laboratory Manager 

 
 
 
 

 
MPL Reference: 

 
217289-B 

 
Page | 1 of 20 

mailto:lab@mpl.com.au
http://www.mpl.com.au/


Client Reference: Kalbar Resources 

MPL Reference: 

Revision No: 

217289-B 

R00 

Page | 2 of 20 

 

 

 
 

Miscellaneous Inorg - soil 

Our Reference 

Your Reference 

Type of sample 

 
 

UNITS 

217289-B-1 

Leach FT 

Sludge 

217289-B-2 

Leach CT 

Soil 

217289-B-3 

Leach HM 

Soil 

Date prepared - 13/11/2018 13/11/2018 13/11/2018 

Date analysed - 13/11/2018 13/11/2018 13/11/2018 

pH pH Units 8.0 7.3 6.9 

Electrical Conductivity (EC) µS/cm 72 15 54 

Chloride mg/kg 31 <10 41 
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Metals - soil 

Our Reference 

Your Reference 

Type of sample 

 
 

UNITS 

217289-B-1 

Leach FT 

Sludge 

217289-B-2 

Leach CT 

Soil 

217289-B-3 

Leach HM 

Soil 

Date digested - 13/11/2018 13/11/2018 13/11/2018 

Date analysed - 14/11/2018 14/11/2018 14/11/2018 

Calcium mg/kg 380 44 170 

Potassium mg/kg 770 180 84 

Sodium mg/kg 120 16 20,000 

Magnesium mg/kg 490 40 59 

Phosphorus mg/kg 110 20 240 

Silicon mg/kg 370 170 160 

Silver mg/kg 0.1 <0.1 <0.2 

Aluminium mg/kg 4,500 260 260 

Arsenic mg/kg 35 4.4 11 

Boron mg/kg <1 <1 11 

Barium mg/kg 28 5.8 32 

Beryllium mg/kg <0.5 <0.5 <1 

Bismuth mg/kg <1 <1 <1 

Cadmium mg/kg <0.1 <0.1 <0.1 

Cobalt mg/kg 1.7 <0.5 <1 

Chromium mg/kg 81 10 58 

Copper mg/kg 17 1.8 12 

Iron mg/kg 12,000 1,300 5,000 

Gallium* mg/kg 6.6 1.1 23 

Mercury mg/kg 0.02 <0.01 <0.01 

Lanthanum mg/kg 49 11 300 

Lithium mg/kg 2 <1 <1 

Manganese mg/kg 23 6 44 

Molybdenum mg/kg 1.2 <0.5 1.2 

Nickel mg/kg 4.0 0.7 3.1 

Lead mg/kg 10 1.9 18 

Antimony mg/kg <0.5 <0.5 0.5 

Selenium mg/kg 0.3 <0.1 0.4 

Tin mg/kg 1.7 <0.5 1.7 

Strontium mg/kg 8 1 4 

Thorium mg/kg 9.8 1 120 

Titanium mg/kg 230 100 350 

Thallium mg/kg <0.5 <0.5 <0.5 

Uranium mg/kg 3 0.4 9 

Vanadium mg/kg 130 17 83 

Tungsten mg/kg <1 <1 <1 
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Metals - soil 

Our Reference 

Your Reference 

Type of sample 

 
 

UNITS 

217289-B-1 

Leach FT 

Sludge 

217289-B-2 

Leach CT 

Soil 

217289-B-3 

Leach HM 

Soil 

Zinc mg/kg 16 2.3 11 

Zirconium mg/kg 14 2 2 
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External Testing 

Our Reference 

Your Reference 

Type of sample 

 
 

UNITS 

217289-B-1 

Leach FT 

Sludge 

217289-B-2 

Leach CT 

Soil 

217289-B-3 

Leach HM 

Soil 

Sulphur - Total* % 0.010 <0.01 <0.01 
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Metals in ASLP (reagent water) 

Our Reference 
 

217289-B-1 217289-B-2 217289-B-3 217289-B-4 217289-B-5 

Your Reference UNITS Leach FT Leach CT Leach HM Leach FT - 3 Day Leach CT - 3 
Day 

Type of sample  Sludge Soil Soil Sludge Soil 

Date prepared - 02/11/2018 02/11/2018 02/11/2018 05/11/2018 05/11/2018 

Date analysed - 02/11/2018 02/11/2018 02/11/2018 05/11/2018 05/11/2018 

pH of final Leachate pH units 7.5 6.7 7.0 [NT] [NT] 

Chloride mg/L 2 <1 2 [NT] [NT] 

Sulphate mg/L <1 <1 <1 [NT] [NT] 

Fluoride in ASLP mg/L 0.3 <0.1 0.2 [NT] [NT] 

Chromium (VI) in ASLP mg/L <0.005 <0.005 0.034 [NT] [NT] 

Calcium in ASLP mg/L <0.5 <0.5 0.7 <0.5 <0.5 

Potassium in ASLP mg/L 1.3 <0.5 <0.5 1.2 <0.5 

Magnesium in ASLP mg/L <0.5 <0.5 <0.5 <0.5 <0.5 

Sodium in ASLP mg/L 2.0 <0.5 1.4 2.0 <0.5 

Phosphorus in ASLP mg/L <0.5 <0.5 <0.5 <0.5 <0.5 

Silicon in ASLP mg/L 2.7 1.0 0.9 1.3 0.3 

Silica in ASLP mg/L 6.0 2.2 2.0 2.8 0.6 

Silver in ASLP mg/L <0.001 <0.001 <0.001 <0.001 <0.001 

Aluminium in ASLP mg/L 1.1 0.54 0.33 0.07 0.08 

Arsenic in ASLP mg/L 0.009 0.005 0.004 0.005 0.003 

Boron in ASLP mg/L <0.02 <0.02 <0.02 <0.02 <0.02 

Barium in ASLP mg/L 0.005 0.003 0.003 <0.001 <0.001 

Beryllium in ASLP mg/L <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 

Bismuth in ASLP mg/L <0.001 <0.001 <0.001 0.001 <0.001 

Cadmium in ASLP mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Cobalt in ASLP mg/L <0.001 <0.001 <0.001 <0.001 <0.001 

Chromium in ASLP mg/L 0.012 0.007 0.042 <0.001 0.003 

Copper in ASLP mg/L 0.002 <0.001 0.002 <0.001 <0.001 

Iron in ASLP mg/L 1.1 0.44 0.39 0.09 0.06 

Gallium in ASLP mg/L <0.001 <0.001 <0.001 <0.001 <0.001 

Mercury in ASLP mg/L <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 

Lanthanum in ASLP mg/L 0.0009 0.0007 0.007 <0.0005 <0.0005 

Lithium in ASLP mg/L 0.0006 <0.0005 <0.0005 <0.0005 <0.0005 

Manganese in ASLP mg/L <0.005 <0.005 <0.005 <0.005 <0.005 

Molybdenum in ASLP mg/L 0.003 <0.001 0.001 0.003 <0.001 

Nickel in ASLP mg/L <0.001 <0.001 0.001 <0.001 <0.001 

Lead in ASLP mg/L <0.001 <0.001 0.001 <0.001 <0.001 

Antimony in ASLP mg/L <0.001 <0.001 <0.001 0.003 <0.001 

Selenium in ASLP mg/L <0.001 <0.001 <0.001 <0.001 <0.001 

Tin in ASLP mg/L <0.001 <0.001 <0.001 <0.001 <0.001 
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Metals in ASLP (reagent water) 

Our Reference  217289-B-1 217289-B-2 217289-B-3 217289-B-4 217289-B-5 

Your Reference UNITS Leach FT Leach CT Leach HM Leach FT - 3 Day Leach CT - 3 
Day 

Type of sample  Sludge Soil Soil Sludge Soil 

Strontium in ASLP mg/L 0.001 <0.001 0.003 <0.001 <0.001 

Thorium in ASLP mg/L 0.0017 0.0008 0.0034 0.0012 <0.0005 

Titanium in ASLP mg/L 0.55 0.24 0.25 0.016 0.027 

Thallium in ASLP mg/L <0.001 <0.001 <0.001 <0.001 <0.001 

Uranium in ASLP mg/L 0.0005 <0.0005 <0.0005 <0.0005 <0.0005 

Vanadium in ASLP mg/L 0.029 0.013 0.011 0.011 0.005 

Tungsten in ASLP mg/L <0.001 <0.001 <0.001 0.001 <0.001 

Zinc in ASLP mg/L 0.002 0.003 0.002 <0.001 <0.001 

Zirconium in ASLP mg/L 0.02 <0.01 0.01 <0.01 <0.01 
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Metals in ASLP (reagent water) 

Our Reference 

Your Reference 

Type of sample 

 
 

UNITS 

217289-B-6 

Leach HM - 3 
Day 

Soil 

Date prepared - 05/11/2018 

Date analysed - 05/11/2018 

pH of final Leachate pH units [NT] 

Chloride mg/L [NT] 

Sulphate mg/L [NT] 

Fluoride in ASLP mg/L [NT] 

Chromium (VI) in ASLP mg/L [NT] 

Calcium in ASLP mg/L 0.7 

Potassium in ASLP mg/L <0.5 

Magnesium in ASLP mg/L <0.5 

Sodium in ASLP mg/L 1.4 

Phosphorus in ASLP mg/L <0.5 

Silicon in ASLP mg/L 0.5 

Silica in ASLP mg/L 1.1 

Silver in ASLP mg/L <0.001 

Aluminium in ASLP mg/L 0.08 

Arsenic in ASLP mg/L 0.003 

Boron in ASLP mg/L <0.02 

Barium in ASLP mg/L 0.002 

Beryllium in ASLP mg/L <0.0005 

Bismuth in ASLP mg/L <0.001 

Cadmium in ASLP mg/L <0.0001 

Cobalt in ASLP mg/L <0.001 

Chromium in ASLP mg/L 0.038 

Copper in ASLP mg/L 0.001 

Iron in ASLP mg/L 0.12 

Gallium in ASLP mg/L <0.001 

Mercury in ASLP mg/L <0.00005 

Lanthanum in ASLP mg/L 0.009 

Lithium in ASLP mg/L <0.0005 

Manganese in ASLP mg/L <0.005 

Molybdenum in ASLP mg/L 0.001 

Nickel in ASLP mg/L <0.001 

Lead in ASLP mg/L 0.001 

Antimony in ASLP mg/L <0.001 

Selenium in ASLP mg/L <0.001 

Tin in ASLP mg/L <0.001 

Strontium in ASLP mg/L 0.003 
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Metals in ASLP (reagent water) 

Our Reference 

Your Reference 

Type of sample 

 
 

UNITS 

217289-B-6 

Leach HM - 3 
Day 

Soil 

Thorium in ASLP mg/L 0.0036 

Titanium in ASLP mg/L 0.045 

Thallium in ASLP mg/L <0.001 

Uranium in ASLP mg/L <0.0005 

Vanadium in ASLP mg/L 0.007 

Tungsten in ASLP mg/L <0.001 

Zinc in ASLP mg/L <0.001 

Zirconium in ASLP mg/L <0.01 
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Method ID Methodology Summary 

Ext-053 Analysed by Genalysis, accreditation number 3244 

pH - Measured using pH meter and electrode in accordance with APHA 21st ED, 4500-H+. 
The leachate fluid used in the leachability test is the correct leachate fluid for Class 1, Class 2b and Class 4 landfills, as per 
AS4439.3-1997 

 
pH - Measured using pH meter and electrode base on APHA latest edition, Method 4500-H+. Please note that the results for 
water analyses may be indicative only, as analysis can be completed outside of the APHA recommended holding times. Soils 
are reported from a 1:5 water extract unless otherwise specified. 

Conductivity and Salinity - measured using a conductivity cell at 25°C based on APHA latest edition Method 2510. Soils 
reported from a 1:5 water extract unless otherwise specified. 

Fluoride by Ion Exchange Chromatography in accordance with APHA latest edition 4110B. 

 
Anions - a range of anions are determined by Ion Chromatography based on APHA latest edition Method 4110-B. Soils and 
other sample types reported from a water extract unless otherwise specified (standard soil extract ratio 1:5). 

Hexavalent Chromium by Ion Chromatographic separation and colourimetric determination. 

Determination of various metals by ICP-AES. 

Metals in soil and water by ICP-OES. 

Determination of Mercury by Cold Vapour AAS. 

For urine samples total Mercury is determined, however, mercury in urine is almost entirely in the inorganic form (CDC). 

Determination of various metals by ICP-MS. 

INORG-001 

 

INORG-001 

 
INORG-002 

INORG-081 

INORG-081 

INORG-118 

METALS-020 

METALS-020 

METALS-021 

 
METALS-022 
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QUALITY CONTROL: Miscellaneous Inorg - soil Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD LCS-1 [NT] 

Date prepared -   13/11/2018 1 13/11/2018 13/11/2018  13/11/2018 [NT] 

Date analysed -   13/11/2018 1 13/11/2018 13/11/2018  13/11/2018 [NT] 

pH pH Units  INORG-001 [NT] 1 8.0 8.1 1 101 [NT] 

Electrical Conductivity (EC) µS/cm 1 INORG-002 <1 1 72 58 22 102 [NT] 

Chloride mg/kg 10 INORG-081 <10 1 31 30 3 104 [NT] 
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QUALITY CONTROL: Metals - soil Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD LCS-1 [NT] 

Date digested -   13/11/2018 1 13/11/2018 13/11/2018  13/11/2018 [NT] 

Date analysed -   14/11/2018 1 14/11/2018 14/11/2018  14/11/2018 [NT] 

Calcium mg/kg 5 METALS-020 <5 1 380 430 12 101 [NT] 

Potassium mg/kg 10 METALS-020 <10 1 770 820 6 100 [NT] 

Sodium mg/kg 10 METALS-020 <10 1 120 120 0 95 [NT] 

Magnesium mg/kg 5 METALS-020 <5 1 490 550 12 100 [NT] 

Phosphorus mg/kg 10 METALS-020 <10 1 110 130 17 93 [NT] 

Silicon mg/kg 10 METALS-020 <10 1 370 350 6 97 [NT] 

Silver mg/kg 0.1 METALS-022 <0.1 1 0.1 <0.1 0 100 [NT] 

Aluminium mg/kg 1 METALS-020 <1 1 4500 4700 4 88 [NT] 

Arsenic mg/kg 0.5 METALS-022 <0.5 1 35 39 11 94 [NT] 

Boron mg/kg 1 METALS-022 <1 1 <1 <1 0 89 [NT] 

Barium mg/kg 0.5 METALS-022 <0.5 1 28 29 4 93 [NT] 

Beryllium mg/kg 0.5 METALS-022 <0.5 1 <0.5 <0.5 0 97 [NT] 

Bismuth mg/kg 1 METALS-022 <1 1 <1 <1 0 98 [NT] 

Cadmium mg/kg 0.1 METALS-022 <0.1 1 <0.1 <0.1 0 100 [NT] 

Cobalt mg/kg 0.5 METALS-022 <0.5 1 1.7 1.9 11 98 [NT] 

Chromium mg/kg 0.5 METALS-022 <0.5 1 81 90 11 86 [NT] 

Copper mg/kg 0.5 METALS-022 <0.5 1 17 19 11 89 [NT] 

Iron mg/kg 1 METALS-020 <1 1 12000 14000 15 87 [NT] 

Gallium* mg/kg 0.1 METALS-022 <0.1 1 6.6 7.2 9 94 [NT] 

Mercury mg/kg 0.01 METALS-021 <0.01 1 0.02 0.02 0 108 [NT] 

Lanthanum mg/kg 1 METALS-022 <1 1 49 52 6 95 [NT] 

Lithium mg/kg 1 METALS-020 <1 1 2 2 0 106 [NT] 

Manganese mg/kg 1 METALS-020 <1 1 23 25 8 94 [NT] 

Molybdenum mg/kg 0.5 METALS-022 <0.5 1 1.2 1.1 9 96 [NT] 

Nickel mg/kg 0.5 METALS-022 <0.5 1 4.0 5.0 22 90 [NT] 

Lead mg/kg 0.5 METALS-022 <0.5 1 10 12 18 102 [NT] 

Antimony mg/kg 0.5 METALS-022 <0.5 1 <0.5 <0.5 0 113 [NT] 

Selenium mg/kg 0.1 METALS-022 <0.1 1 0.3 0.2 40 97 [NT] 

Tin mg/kg 0.5 METALS-022 <0.5 1 1.7 1.9 11 99 [NT] 

Strontium mg/kg 1 METALS-020 <1 1 8 8 0 96 [NT] 

Thorium mg/kg 0.5 METALS-022 <0.5 1 9.8 12 20 97 [NT] 

Titanium mg/kg 0.5 METALS-022 <0.5 1 230 220 4 91 [NT] 

Thallium mg/kg 0.5 METALS-022 <0.5 1 <0.5 <0.5 0 100 [NT] 

Uranium mg/kg 0.1 METALS-022 <0.1 1 3 4 29 98 [NT] 

Vanadium mg/kg 0.5 METALS-022 <0.5 1 130 140 7 97 [NT] 

Tungsten mg/kg 1 METALS-022 <1 1 <1 <1 0 99 [NT] 

Zinc mg/kg 0.5 METALS-022 <0.5 1 16 18 12 93 [NT] 

Zirconium mg/kg 0.5 METALS-022 <0.5 1 14 13 7 95 [NT] 
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QUALITY CONTROL: External Testing Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD [NT] [NT] 

Sulphur - Total* % 0.01 Ext-053 <0.01 [NT] [NT] [NT] [NT] [NT] [NT] 
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QUALITY CONTROL: Metals in ASLP (reagent water) Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD LCS-1 [NT] 

Date prepared -   05/11/2018 1 02/11/2018 02/11/2018  02/11/2018 [NT] 

Date analysed -   05/11/2018 1 02/11/2018 02/11/2018  02/11/2018 [NT] 

Chloride mg/L 1 INORG-081 <1 1 2 2 0 98 [NT] 

Sulphate mg/L 1 INORG-081 <1 1 <1 <1 0 103 [NT] 

Fluoride in ASLP mg/L 0.1 INORG-081 <0.1 1 0.3 0.3 0 85 [NT] 

Chromium (VI) in ASLP mg/L 0.005 INORG-118 <0.005 1 <0.005 <0.005 0 97 [NT] 

Calcium in ASLP mg/L 0.5 METALS-020 <0.5 1 <0.5 [NT]  91 [NT] 

Potassium in ASLP mg/L 0.5 METALS-020 <0.5 1 1.3 [NT]  93 [NT] 

Magnesium in ASLP mg/L 0.5 METALS-020 <0.5 1 <0.5 [NT]  92 [NT] 

Sodium in ASLP mg/L 0.5 METALS-020 <0.5 1 2.0 [NT]  90 [NT] 

Phosphorus in ASLP mg/L 0.5 METALS-020 <0.5 1 <0.5 [NT]  99 [NT] 

Silicon in ASLP mg/L 0.1 METALS-020 <0.1 1 2.7 [NT]  94 [NT] 

Silica in ASLP mg/L 0.2 METALS-020 <0.2 1 6.0 [NT]  94 [NT] 

Silver in ASLP mg/L 0.001 METALS-022 <0.001 1 <0.001 [NT]  103 [NT] 

Aluminium in ASLP mg/L 0.01 METALS-022 <0.01 1 1.1 [NT]  95 [NT] 

Arsenic in ASLP mg/L 0.001 METALS-022 <0.001 1 0.009 [NT]  102 [NT] 

Boron in ASLP mg/L 0.02 METALS-022 <0.02 1 <0.02 [NT]  119 [NT] 

Barium in ASLP mg/L 0.001 METALS-022 <0.001 1 0.005 [NT]  102 [NT] 

Beryllium in ASLP mg/L 0.0005 METALS-022 <0.0005 1 <0.0005 [NT]  101 [NT] 

Bismuth in ASLP mg/L 0.001 METALS-022 <0.001 1 <0.001 [NT]  100 [NT] 

Cadmium in ASLP mg/L 0.0001 METALS-022 <0.0001 1 <0.0001 [NT]  105 [NT] 

Cobalt in ASLP mg/L 0.001 METALS-022 <0.001 1 <0.001 [NT]  100 [NT] 

Chromium in ASLP mg/L 0.001 METALS-022 <0.001 1 0.012 [NT]  98 [NT] 

Copper in ASLP mg/L 0.001 METALS-022 <0.001 1 0.002 [NT]  103 [NT] 

Iron in ASLP mg/L 0.01 METALS-022 <0.01 1 1.1 [NT]  100 [NT] 

Gallium in ASLP mg/L 0.001 METALS-022 <0.001 1 <0.001 [NT]  100 [NT] 

Mercury in ASLP mg/L 0.00005 METALS-021 <0.00005 1 <0.00005 [NT]  108 [NT] 

Lanthanum in ASLP mg/L 0.0005 METALS-022 <0.0005 1 0.0009 [NT]  101 [NT] 

Lithium in ASLP mg/L 0.0005 METALS-022 <0.0005 1 0.0006 [NT]  109 [NT] 

Manganese in ASLP mg/L 0.005 METALS-022 <0.005 1 <0.005 [NT]  101 [NT] 

Molybdenum in ASLP mg/L 0.001 METALS-022 <0.001 1 0.003 [NT]  98 [NT] 

Nickel in ASLP mg/L 0.001 METALS-022 <0.001 1 <0.001 [NT]  104 [NT] 

Lead in ASLP mg/L 0.001 METALS-022 <0.001 1 <0.001 [NT]  105 [NT] 

Antimony in ASLP mg/L 0.001 METALS-022 <0.001 1 <0.001 [NT]  85 [NT] 

Selenium in ASLP mg/L 0.001 METALS-022 <0.001 1 <0.001 [NT]  110 [NT] 

Tin in ASLP mg/L 0.001 METALS-022 <0.001 1 <0.001 [NT]  103 [NT] 

Strontium in ASLP mg/L 0.001 METALS-022 <0.001 1 0.001 [NT]  100 [NT] 

Thorium in ASLP mg/L 0.0005 METALS-022 <0.0005 1 0.0017 [NT]  93 [NT] 

Titanium in ASLP mg/L 0.001 METALS-022 <0.001 1 0.55 [NT]  107 [NT] 

Thallium in ASLP mg/L 0.001 METALS-022 <0.001 1 <0.001 [NT]  106 [NT] 

Uranium in ASLP mg/L 0.0005 METALS-022 <0.0005 1 0.0005 [NT]  98 [NT] 
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QUALITY CONTROL: Metals in ASLP (reagent water) Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD LCS-1 [NT] 

Vanadium in ASLP mg/L 0.001 METALS-022 <0.001 1 0.029 [NT]  102 [NT] 

Tungsten in ASLP mg/L 0.001 METALS-022 <0.001 1 <0.001 [NT]  99 [NT] 

Zinc in ASLP mg/L 0.001 METALS-022 <0.001 1 0.002 [NT]  106 [NT] 

Zirconium in ASLP mg/L 0.01 METALS-020 <0.01 1 0.02 [NT]  91 [NT] 
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QUALITY CONTROL: Metals in ASLP (reagent water) Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD LCS-2 [NT] 

Date prepared -   [NT] [NT] [NT] [NT] [NT] 05/11/2018 [NT] 

Date analysed -   [NT] [NT] [NT] [NT] [NT] 05/11/2018 [NT] 

Chromium (VI) in ASLP mg/L 0.005 INORG-118 [NT] [NT] [NT] [NT] [NT] 97 [NT] 

Calcium in ASLP mg/L 0.5 METALS-020 [NT] [NT] [NT] [NT] [NT] 100 [NT] 

Potassium in ASLP mg/L 0.5 METALS-020 [NT] [NT] [NT] [NT] [NT] 100 [NT] 

Magnesium in ASLP mg/L 0.5 METALS-020 [NT] [NT] [NT] [NT] [NT] 102 [NT] 

Sodium in ASLP mg/L 0.5 METALS-020 [NT] [NT] [NT] [NT] [NT] 99 [NT] 

Phosphorus in ASLP mg/L 0.5 METALS-020 [NT] [NT] [NT] [NT] [NT] 112 [NT] 

Silicon in ASLP mg/L 0.1 METALS-020 [NT] [NT] [NT] [NT] [NT] 105 [NT] 

Silica in ASLP mg/L 0.2 METALS-020 [NT] [NT] [NT] [NT] [NT] 105 [NT] 

Silver in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 107 [NT] 

Aluminium in ASLP mg/L 0.01 METALS-022 [NT] [NT] [NT] [NT] [NT] 99 [NT] 

Arsenic in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 105 [NT] 

Boron in ASLP mg/L 0.02 METALS-022 [NT] [NT] [NT] [NT] [NT] 112 [NT] 

Barium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 105 [NT] 

Beryllium in ASLP mg/L 0.0005 METALS-022 [NT] [NT] [NT] [NT] [NT] 109 [NT] 

Bismuth in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 103 [NT] 

Cadmium in ASLP mg/L 0.0001 METALS-022 [NT] [NT] [NT] [NT] [NT] 110 [NT] 

Cobalt in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 112 [NT] 

Chromium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 103 [NT] 

Copper in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 108 [NT] 

Iron in ASLP mg/L 0.01 METALS-022 [NT] [NT] [NT] [NT] [NT] 113 [NT] 

Gallium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 104 [NT] 

Mercury in ASLP mg/L 0.00005 METALS-021 [NT] [NT] [NT] [NT] [NT] 120 [NT] 

Lanthanum in ASLP mg/L 0.0005 METALS-022 [NT] [NT] [NT] [NT] [NT] 102 [NT] 

Lithium in ASLP mg/L 0.0005 METALS-022 [NT] [NT] [NT] [NT] [NT] 110 [NT] 

Manganese in ASLP mg/L 0.005 METALS-022 [NT] [NT] [NT] [NT] [NT] 106 [NT] 

Molybdenum in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 104 [NT] 

Nickel in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 108 [NT] 

Lead in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 110 [NT] 

Antimony in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 82 [NT] 

Selenium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 108 [NT] 

Tin in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 105 [NT] 

Strontium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 107 [NT] 

Thorium in ASLP mg/L 0.0005 METALS-022 [NT] [NT] [NT] [NT] [NT] 102 [NT] 

Titanium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 106 [NT] 

Thallium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 110 [NT] 

Uranium in ASLP mg/L 0.0005 METALS-022 [NT] [NT] [NT] [NT] [NT] 105 [NT] 

Vanadium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 106 [NT] 

Tungsten in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 95 [NT] 

Zinc in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 112 [NT] 
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QUALITY CONTROL: Metals in ASLP (reagent water) Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD LCS-2 [NT] 

Zirconium in ASLP mg/L 0.01 METALS-020 [NT] [NT] [NT] [NT] [NT] 101 [NT] 
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Result Definitions 

NT Not tested 

NA Test not required 

INS Insufficient sample for this test 

PQL Practical Quantitation Limit 

< Less than 

> Greater than 

RPD Relative Percent Difference 

LCS Laboratory Control Sample 

NS Not specified 

NEPM National Environmental Protection Measure 

NR Not Reported 



Client Reference: Kalbar Resources 

MPL Reference: 

Revision No: 

217289-B 

R00 

Page | 19 of 20 

 

 

 
Quality Control Definitions 

 
Blank 

This is the component of the analytical signal which is not derived from the sample but from reagents, 
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for 
samples. 

 
Duplicate 

This is the complete duplicate analysis of a sample from the process batch. If possible, the sample selected 
should be one where the analyte concentration is easily measurable. 

 
Matrix Spike 

A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix spike 
is to monitor the performance of the analytical method used and to determine whether matrix interferences 
exist. 

LCS (Laboratory 
Control Sample) 

This comprises either a standard reference material or a control matrix (such as a blank sand or water) fortified 
with analytes representative of the analyte class. It is simply a check sample. 

 
Surrogate Spike 

Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds which 
are similar to the analyte of interest, however are not expected to be found in real samples. 

Australian Drinking Water Guidelines recommend that Thermotolerant Coliform, Faecal Enterococci, & E.Coli levels are less than 
1cfu/100mL. The recommended maximums are taken from "Australian Drinking Water Guidelines", published by NHMRC & ARMC 
2011. 

 

The recommended maximums for analytes in urine are taken from “2018 TLVs and BEIs”, as published by ACGIH (where available). 

 

Laboratory Acceptance Criteria 

Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequency to meet 
or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD and matrix spike recoveries for 
the batch were within the laboratory acceptance criteria. 

Filters, swabs, wipes, tubes and badges will not have duplicate data as the whole sample is generally extracted during sample 
extraction. 

Spikes for Physical and Aggregate Tests are not applicable. 

For VOCs in water samples, three vials are required for duplicate or spike analysis. 

Duplicates: >10xPQL - RPD acceptance criteria will vary depending on the analytes and the analytical techniques but is typically in 
the range 20%-50% – see ELN-P05 QA/QC tables for details; <10xPQL - RPD are higher as the results approach PQL and the 
estimated measurement uncertainty will statistically increase. 

Matrix Spikes, LCS and Surrogate recoveries: Generally 70-130% for inorganics/metals; 60-140% for organics (+/-50% surrogates) a 

In circumstances where no duplicate and/or sample spike has been reported at 1 in 10 and/or 1 in 20 samples respectively, the 
sample volume submitted was insufficient in order to satisfy laboratory QA/QC protocols. 

When samples are received where certain analytes are outside of recommended technical holding times (THTs), the analysis has 
proceeded. Where analytes are on the verge of breaching THTs, every effort will be made to analyse within the THT or as soon as 
practicable. 

Where sampling dates are not provided, Envirolab are not in a position to comment on the validity of the analysis where 
recommended technical holding times may have been breached. 

Measurement Uncertainty estimates are available for most tests upon request. 
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Report Comments 
Total Sulfur analysis performed by Intertek Genalysis, report number 438.0/1817674 



P00 Revision No: 

 

 

Envirolab Services (WA) Pty Ltd trading as MPL Laboratories 

ABN 53 140 099 207 

16-18 Hayden Court Myaree WA 6154 

ph 08 9317 2505  fax 08 9317 4163 

lab@mpl.com.au 

www.mpl.com.au 

 
 

INTERIM REPORT 217492-B 
 

Client Details 

Client Kalbar Resources 

Attention Steve Thomas 

Address 

 
 

Sample Details 

Your Reference Kalbar Resources 

Number of Samples 2 Soils 

Date samples received 18/10/2018 

Date completed instructions received 08/11/2018 

 
 

Analysis Details 

Please refer to the following pages for results, methodology summary and quality control data. 

Samples were analysed as received from the client. Results relate specifically to the samples as received. 

Results are reported on a dry weight basis for solids and on an as received basis for other matrices. 

 
 

Report Details 

Date results requested by 22/11/2018 

Interim Report Date 17/11/2018 

NATA Accreditation Number 2901. This document shall not be reproduced except in full. 

Accredited for compliance with ISO/IEC 17025 - Testing. Tests not covered by NATA are denoted with * 
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Miscellaneous Inorg - soil 

Our Reference  217492-B-1 217492-B-2 

Your Reference UNITS HHF OB sample HHF OB sample 
  1 2 

Type of sample  Gravelly clay Sandy clay 

Date prepared - 13/11/2018 13/11/2018 

Date analysed - 13/11/2018 13/11/2018 

pH pH Units 6.4 5.9 

Electrical Conductivity (EC) µS/cm 97 240 

Chloride mg/kg 110 330 
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Metals - soil 

Our Reference 
 

217492-B-1 217492-B-2 

Your Reference UNITS HHF OB sample HHF OB sample 
  1 2 

Type of sample  Gravelly clay Sandy clay 

Date digested - 13/11/2018 13/11/2018 

Date analysed - 14/11/2018 14/11/2018 

Calcium mg/kg 37 7 

Potassium mg/kg 740 380 

Sodium mg/kg 220 390 

Magnesium mg/kg 930 540 

Phosphorus mg/kg 60 39 

Silicon mg/kg 240 160 

Silver mg/kg   

Aluminium mg/kg 6,200 4,100 

Arsenic mg/kg   

Boron mg/kg   

Barium mg/kg   

Beryllium mg/kg   

Bismuth mg/kg   

Cadmium mg/kg   

Cobalt mg/kg   

Chromium mg/kg   

Copper mg/kg   

Iron mg/kg 12,000 12,000 

Gallium* mg/kg   

Mercury mg/kg 0.02 0.02 

Lanthanum mg/kg   

Lithium mg/kg 3 1 

Manganese mg/kg 23 6 

Molybdenum mg/kg   

Nickel mg/kg   

Lead mg/kg   

Antimony mg/kg   

Selenium mg/kg   

Tin mg/kg   

Strontium mg/kg 4 2 

Thorium mg/kg   

Titanium mg/kg 40 17 

Thallium mg/kg   

Uranium mg/kg   

Vanadium mg/kg   

Tungsten mg/kg <1 <1 
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Metals - soil 

Our Reference  217492-B-1 217492-B-2 

Your Reference UNITS HHF OB sample HHF OB sample 
  1 2 

Type of sample  Gravelly clay Sandy clay 

Zinc mg/kg   

Zirconium mg/kg   
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External Testing 

Our Reference 

Your Reference 

Type of sample 

 
 

UNITS 

217492-B-1 

HHF OB sample 
1 

Gravelly clay 

217492-B-2 

HHF OB sample 
2 

Sandy clay 

Sulphur - Total* %   
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Metals in ASLP (reagent water) 

Our Reference 
 

217492-B-1 217492-B-2 217492-B-3 217492-B-4 

Your Reference UNITS HHF OB sample 
1 

HHF OB sample 
2 

HHF OB sample 
1 - 3 Day 

HHF OB sample 
2 - 3 Day 

Type of sample  Gravelly clay Sandy clay Gravelly clay Sandy clay 

Date prepared - 02/11/2018 02/11/2018 05/11/2018 05/11/2018 

Date analysed - 02/11/2018 02/11/2018 05/11/2018 05/11/2018 

pH of final Leachate pH units 6.7 6.5 [NT] [NT] 

Chloride mg/L 4 17 [NT] [NT] 

Sulphate mg/L <1 <1 [NT] [NT] 

Fluoride in ASLP mg/L 0.2 0.1 [NT] [NT] 

Chromium (VI) in ASLP mg/L <0.005 <0.005 [NT] [NT] 

Calcium in ASLP mg/L <0.5 <0.5 <0.5 <0.5 

Potassium in ASLP mg/L 4.9 2.1 0.5 <0.5 

Magnesium in ASLP mg/L 2.6 0.8 1.0 <0.5 

Sodium in ASLP mg/L 5.5 10 5.3 10 

Phosphorus in ASLP mg/L <0.5 <0.5 <0.5 <0.5 

Silicon in ASLP mg/L 83 29 4.9 2.1 

Silica in ASLP mg/L 180 63 11 4.6 

Silver in ASLP mg/L <0.001 <0.001 <0.001 <0.001 

Aluminium in ASLP mg/L 57 21 1.7 0.48 

Arsenic in ASLP mg/L 0.007 0.003 <0.001 <0.001 

Boron in ASLP mg/L <0.02 <0.02 <0.02 <0.02 

Barium in ASLP mg/L 0.11 0.047 0.032 0.009 

Beryllium in ASLP mg/L 0.0016 0.0005 <0.0005 <0.0005 

Bismuth in ASLP mg/L <0.001 <0.001 <0.001 <0.001 

Cadmium in ASLP mg/L <0.0001 <0.0001 <0.0001 <0.0001 

Cobalt in ASLP mg/L 0.011 0.003 0.002 <0.001 

Chromium in ASLP mg/L 0.048 0.021 0.002 <0.001 

Copper in ASLP mg/L 0.007 0.005 0.001 0.002 

Iron in ASLP mg/L 26 7.4 1.4 0.32 

Gallium in ASLP mg/L 0.016 0.007 <0.001 <0.001 

Mercury in ASLP mg/L <0.00005 <0.00005 <0.00005 <0.00005 

Lanthanum in ASLP mg/L 0.012 0.006 0.005 0.003 

Lithium in ASLP mg/L 0.030 0.0086 0.0017 0.0009 

Manganese in ASLP mg/L 0.035 0.006 0.011 <0.005 

Molybdenum in ASLP mg/L <0.001 <0.001 <0.001 <0.001 

Nickel in ASLP mg/L 0.020 0.008 0.001 <0.001 

Lead in ASLP mg/L 0.009 0.006 0.002 0.001 

Antimony in ASLP mg/L <0.001 <0.001 <0.001 <0.001 

Selenium in ASLP mg/L <0.001 <0.001 <0.001 <0.001 

Tin in ASLP mg/L 0.003 0.001 <0.001 <0.001 
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Metals in ASLP (reagent water) 

Our Reference  217492-B-1 217492-B-2 217492-B-3 217492-B-4 

Your Reference UNITS HHF OB sample 
1 

HHF OB sample 
2 

HHF OB sample 
1 - 3 Day 

HHF OB sample 
2 - 3 Day 

Type of sample  Gravelly clay Sandy clay Gravelly clay Sandy clay 

Strontium in ASLP mg/L 0.015 0.005 0.003 <0.001 

Thorium in ASLP mg/L 0.0085 0.0039 0.0024 0.0012 

Titanium in ASLP mg/L 1.7 0.73 0.013 0.007 

Thallium in ASLP mg/L <0.001 <0.001 <0.001 <0.001 

Uranium in ASLP mg/L 0.0023 0.0010 0.0008 <0.0005 

Vanadium in ASLP mg/L 0.059 0.024 0.003 0.002 

Tungsten in ASLP mg/L 0.002 0.001 <0.001 <0.001 

Zinc in ASLP mg/L 0.030 0.012 0.004 0.003 

Zirconium in ASLP mg/L 0.07 0.03 <0.01 <0.01 
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Method ID Methodology Summary 

Ext-053 Analysed by Genalysis, accreditation number 3244 

pH - Measured using pH meter and electrode in accordance with APHA 21st ED, 4500-H+. 
The leachate fluid used in the leachability test is the correct leachate fluid for Class 1, Class 2b and Class 4 landfills, as per 
AS4439.3-1997 

 
pH - Measured using pH meter and electrode base on APHA latest edition, Method 4500-H+. Please note that the results for 
water analyses may be indicative only, as analysis can be completed outside of the APHA recommended holding times. Soils 
are reported from a 1:5 water extract unless otherwise specified. 

Conductivity and Salinity - measured using a conductivity cell at 25°C based on APHA latest edition Method 2510. Soils 
reported from a 1:5 water extract unless otherwise specified. 

Fluoride by Ion Exchange Chromatography in accordance with APHA latest edition 4110B. 

 
Anions - a range of anions are determined by Ion Chromatography based on APHA latest edition Method 4110-B. Soils and 
other sample types reported from a water extract unless otherwise specified (standard soil extract ratio 1:5). 

Hexavalent Chromium by Ion Chromatographic separation and colourimetric determination. 

Determination of various metals by ICP-AES. 

Metals in soil and water by ICP-OES. 

Determination of Mercury by Cold Vapour AAS. 

For urine samples total Mercury is determined, however, mercury in urine is almost entirely in the inorganic form (CDC). 

Determination of various metals by ICP-MS. 

INORG-001 

 

INORG-001 

 
INORG-002 

INORG-081 

INORG-081 

INORG-118 

METALS-020 

METALS-020 

METALS-021 

 
METALS-022 
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QUALITY CONTROL: Miscellaneous Inorg - soil Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD LCS-1 [NT] 

Date prepared -   13/11/2018 [NT] [NT] [NT] [NT] 13/11/2018 [NT] 

Date analysed -   13/11/2018 [NT] [NT] [NT] [NT] 13/11/2018 [NT] 

pH pH Units  INORG-001 [NT] [NT] [NT] [NT] [NT] 101 [NT] 

Electrical Conductivity (EC) µS/cm 1 INORG-002 <1 [NT] [NT] [NT] [NT] 102 [NT] 

Chloride mg/kg 10 INORG-081 <10 [NT] [NT] [NT] [NT] 104 [NT] 
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QUALITY CONTROL: Metals - soil Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD LCS-1 [NT] 

Date digested -   13/11/2018 [NT] [NT] [NT] [NT] 13/11/2018 [NT] 

Date analysed -   14/11/2018 [NT] [NT] [NT] [NT] 14/11/2018 [NT] 

Calcium mg/kg 5 METALS-020 <5 [NT] [NT] [NT] [NT] 101 [NT] 

Potassium mg/kg 10 METALS-020 <10 [NT] [NT] [NT] [NT] 100 [NT] 

Sodium mg/kg 10 METALS-020 <10 [NT] [NT] [NT] [NT] 95 [NT] 

Magnesium mg/kg 5 METALS-020 <5 [NT] [NT] [NT] [NT] 100 [NT] 

Phosphorus mg/kg 10 METALS-020 <10 [NT] [NT] [NT] [NT] 93 [NT] 

Silicon mg/kg 10 METALS-020 <10 [NT] [NT] [NT] [NT] 97 [NT] 

Silver mg/kg 0.1 METALS-022 <0.1 [NT] [NT] [NT] [NT]  [NT] 

Aluminium mg/kg 1 METALS-020 <1 [NT] [NT] [NT] [NT] 101 [NT] 

Arsenic mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Boron mg/kg 1 METALS-022 <1 [NT] [NT] [NT] [NT]  [NT] 

Barium mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Beryllium mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Bismuth mg/kg 1 METALS-022 <1 [NT] [NT] [NT] [NT]  [NT] 

Cadmium mg/kg 0.1 METALS-022 <0.1 [NT] [NT] [NT] [NT]  [NT] 

Cobalt mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Chromium mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Copper mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Iron mg/kg 1 METALS-020 <1 [NT] [NT] [NT] [NT] 100 [NT] 

Gallium* mg/kg 0.1 METALS-022 <0.1 [NT] [NT] [NT] [NT]  [NT] 

Mercury mg/kg 0.01 METALS-021 <0.01 [NT] [NT] [NT] [NT] 108 [NT] 

Lanthanum mg/kg 1 METALS-022 <1 [NT] [NT] [NT] [NT]  [NT] 

Lithium mg/kg 1 METALS-020 <1 [NT] [NT] [NT] [NT] 102 [NT] 

Manganese mg/kg 1 METALS-020 <1 [NT] [NT] [NT] [NT] 103 [NT] 

Molybdenum mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Nickel mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Lead mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Antimony mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Selenium mg/kg 0.1 METALS-022 <0.1 [NT] [NT] [NT] [NT]  [NT] 

Tin mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Strontium mg/kg 1 METALS-020 <1 [NT] [NT] [NT] [NT] 101 [NT] 

Thorium mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Titanium mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT] 99 [NT] 

Thallium mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Uranium mg/kg 0.1 METALS-022 <0.1 [NT] [NT] [NT] [NT]  [NT] 

Vanadium mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Tungsten mg/kg 1 METALS-022 <1 [NT] [NT] [NT] [NT] 100 [NT] 

Zinc mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 

Zirconium mg/kg 0.5 METALS-022 <0.5 [NT] [NT] [NT] [NT]  [NT] 
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QUALITY CONTROL: External Testing Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD [NT] [NT] 

Sulphur - Total* % 0.01 Ext-053 <0.01 [NT] [NT] [NT] [NT] [NT] [NT] 
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QUALITY CONTROL: Metals in ASLP (reagent water) Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD LCS-1 [NT] 

Date prepared -   05/11/2018 [NT] [NT] [NT] [NT] 02/11/2018 [NT] 

Date analysed -   05/11/2018 [NT] [NT] [NT] [NT] 02/11/2018 [NT] 

Chloride mg/L 1 INORG-081 <1 [NT] [NT] [NT] [NT] 98 [NT] 

Sulphate mg/L 1 INORG-081 <1 [NT] [NT] [NT] [NT] 103 [NT] 

Fluoride in ASLP mg/L 0.1 INORG-081 <0.1 [NT] [NT] [NT] [NT] 85 [NT] 

Chromium (VI) in ASLP mg/L 0.005 INORG-118 <0.005 [NT] [NT] [NT] [NT] 97 [NT] 

Calcium in ASLP mg/L 0.5 METALS-020 <0.5 [NT] [NT] [NT] [NT] 91 [NT] 

Potassium in ASLP mg/L 0.5 METALS-020 <0.5 [NT] [NT] [NT] [NT] 93 [NT] 

Magnesium in ASLP mg/L 0.5 METALS-020 <0.5 [NT] [NT] [NT] [NT] 92 [NT] 

Sodium in ASLP mg/L 0.5 METALS-020 <0.5 [NT] [NT] [NT] [NT] 90 [NT] 

Phosphorus in ASLP mg/L 0.5 METALS-020 <0.5 [NT] [NT] [NT] [NT] 99 [NT] 

Silicon in ASLP mg/L 0.1 METALS-020 <0.1 [NT] [NT] [NT] [NT] 94 [NT] 

Silica in ASLP mg/L 0.2 METALS-020 <0.2 [NT] [NT] [NT] [NT] 94 [NT] 

Silver in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 103 [NT] 

Aluminium in ASLP mg/L 0.01 METALS-022 <0.01 [NT] [NT] [NT] [NT] 95 [NT] 

Arsenic in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 102 [NT] 

Boron in ASLP mg/L 0.02 METALS-022 <0.02 [NT] [NT] [NT] [NT] 119 [NT] 

Barium in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 102 [NT] 

Beryllium in ASLP mg/L 0.0005 METALS-022 <0.0005 [NT] [NT] [NT] [NT] 101 [NT] 

Bismuth in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 100 [NT] 

Cadmium in ASLP mg/L 0.0001 METALS-022 <0.0001 [NT] [NT] [NT] [NT] 105 [NT] 

Cobalt in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 100 [NT] 

Chromium in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 98 [NT] 

Copper in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 103 [NT] 

Iron in ASLP mg/L 0.01 METALS-022 <0.01 [NT] [NT] [NT] [NT] 100 [NT] 

Gallium in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 100 [NT] 

Mercury in ASLP mg/L 0.00005 METALS-021 <0.00005 [NT] [NT] [NT] [NT] 108 [NT] 

Lanthanum in ASLP mg/L 0.0005 METALS-022 <0.0005 [NT] [NT] [NT] [NT] 101 [NT] 

Lithium in ASLP mg/L 0.0005 METALS-022 <0.0005 [NT] [NT] [NT] [NT] 109 [NT] 

Manganese in ASLP mg/L 0.005 METALS-022 <0.005 [NT] [NT] [NT] [NT] 101 [NT] 

Molybdenum in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 98 [NT] 

Nickel in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 104 [NT] 

Lead in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 105 [NT] 

Antimony in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 99 [NT] 

Selenium in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 110 [NT] 

Tin in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 103 [NT] 

Strontium in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 100 [NT] 

Thorium in ASLP mg/L 0.0005 METALS-022 <0.0005 [NT] [NT] [NT] [NT] 93 [NT] 

Titanium in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 107 [NT] 

Thallium in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 106 [NT] 

Uranium in ASLP mg/L 0.0005 METALS-022 <0.0005 [NT] [NT] [NT] [NT] 98 [NT] 
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QUALITY CONTROL: Metals in ASLP (reagent water) Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD LCS-1 [NT] 

Vanadium in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 102 [NT] 

Tungsten in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 99 [NT] 

Zinc in ASLP mg/L 0.001 METALS-022 <0.001 [NT] [NT] [NT] [NT] 106 [NT] 

Zirconium in ASLP mg/L 0.01 METALS-020 <0.01 [NT] [NT] [NT] [NT] 91 [NT] 
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QUALITY CONTROL: Metals in ASLP (reagent water) Duplicate Spike Recovery % 

Test Description Units PQL Method Blank # Base Dup. RPD LCS-2 [NT] 

Date prepared -   [NT] [NT] [NT] [NT] [NT] 05/11/2018 [NT] 

Date analysed -   [NT] [NT] [NT] [NT] [NT] 05/11/2018 [NT] 

Calcium in ASLP mg/L 0.5 METALS-020 [NT] [NT] [NT] [NT] [NT] 100 [NT] 

Potassium in ASLP mg/L 0.5 METALS-020 [NT] [NT] [NT] [NT] [NT] 100 [NT] 

Magnesium in ASLP mg/L 0.5 METALS-020 [NT] [NT] [NT] [NT] [NT] 102 [NT] 

Sodium in ASLP mg/L 0.5 METALS-020 [NT] [NT] [NT] [NT] [NT] 99 [NT] 

Phosphorus in ASLP mg/L 0.5 METALS-020 [NT] [NT] [NT] [NT] [NT] 112 [NT] 

Silicon in ASLP mg/L 0.1 METALS-020 [NT] [NT] [NT] [NT] [NT] 105 [NT] 

Silica in ASLP mg/L 0.2 METALS-020 [NT] [NT] [NT] [NT] [NT] 105 [NT] 

Silver in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 107 [NT] 

Aluminium in ASLP mg/L 0.01 METALS-022 [NT] [NT] [NT] [NT] [NT] 99 [NT] 

Arsenic in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 105 [NT] 

Boron in ASLP mg/L 0.02 METALS-022 [NT] [NT] [NT] [NT] [NT] 110 [NT] 

Barium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 105 [NT] 

Beryllium in ASLP mg/L 0.0005 METALS-022 [NT] [NT] [NT] [NT] [NT] 109 [NT] 

Bismuth in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 103 [NT] 

Cadmium in ASLP mg/L 0.0001 METALS-022 [NT] [NT] [NT] [NT] [NT] 110 [NT] 

Cobalt in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 112 [NT] 

Chromium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 103 [NT] 

Copper in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 108 [NT] 

Iron in ASLP mg/L 0.01 METALS-022 [NT] [NT] [NT] [NT] [NT] 113 [NT] 

Gallium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 104 [NT] 

Mercury in ASLP mg/L 0.00005 METALS-021 [NT] [NT] [NT] [NT] [NT] 120 [NT] 

Lanthanum in ASLP mg/L 0.0005 METALS-022 [NT] [NT] [NT] [NT] [NT] 102 [NT] 

Lithium in ASLP mg/L 0.0005 METALS-022 [NT] [NT] [NT] [NT] [NT] 110 [NT] 

Manganese in ASLP mg/L 0.005 METALS-022 [NT] [NT] [NT] [NT] [NT] 106 [NT] 

Molybdenum in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 104 [NT] 

Nickel in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 108 [NT] 

Lead in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 110 [NT] 

Antimony in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 82 [NT] 

Selenium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 108 [NT] 

Tin in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 105 [NT] 

Strontium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 107 [NT] 

Thorium in ASLP mg/L 0.0005 METALS-022 [NT] [NT] [NT] [NT] [NT] 102 [NT] 

Titanium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 106 [NT] 

Thallium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 110 [NT] 

Uranium in ASLP mg/L 0.0005 METALS-022 [NT] [NT] [NT] [NT] [NT] 105 [NT] 

Vanadium in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 106 [NT] 

Tungsten in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 95 [NT] 

Zinc in ASLP mg/L 0.001 METALS-022 [NT] [NT] [NT] [NT] [NT] 112 [NT] 

Zirconium in ASLP mg/L 0.01 METALS-020 [NT] [NT] [NT] [NT] [NT] 101 [NT] 
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Result Definitions 

NT Not tested 

NA Test not required 

INS Insufficient sample for this test 

PQL Practical Quantitation Limit 

< Less than 

> Greater than 

RPD Relative Percent Difference 

LCS Laboratory Control Sample 

NS Not specified 

NEPM National Environmental Protection Measure 

NR Not Reported 
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Quality Control Definitions 

 
Blank 

This is the component of the analytical signal which is not derived from the sample but from reagents, 
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for 
samples. 

 
Duplicate 

This is the complete duplicate analysis of a sample from the process batch. If possible, the sample selected 
should be one where the analyte concentration is easily measurable. 

 
Matrix Spike 

A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix spike 
is to monitor the performance of the analytical method used and to determine whether matrix interferences 
exist. 

LCS (Laboratory 
Control Sample) 

This comprises either a standard reference material or a control matrix (such as a blank sand or water) fortified 
with analytes representative of the analyte class. It is simply a check sample. 

 
Surrogate Spike 

Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds which 
are similar to the analyte of interest, however are not expected to be found in real samples. 

Australian Drinking Water Guidelines recommend that Thermotolerant Coliform, Faecal Enterococci, & E.Coli levels are less than 
1cfu/100mL. The recommended maximums are taken from "Australian Drinking Water Guidelines", published by NHMRC & ARMC 
2011. 

 

The recommended maximums for analytes in urine are taken from “2018 TLVs and BEIs”, as published by ACGIH (where available). 

 

Laboratory Acceptance Criteria 

Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequency to meet 
or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD and matrix spike recoveries for 
the batch were within the laboratory acceptance criteria. 

Filters, swabs, wipes, tubes and badges will not have duplicate data as the whole sample is generally extracted during sample 
extraction. 

Spikes for Physical and Aggregate Tests are not applicable. 

For VOCs in water samples, three vials are required for duplicate or spike analysis. 

Duplicates: >10xPQL - RPD acceptance criteria will vary depending on the analytes and the analytical techniques but is typically in 
the range 20%-50% – see ELN-P05 QA/QC tables for details; <10xPQL - RPD are higher as the results approach PQL and the 
estimated measurement uncertainty will statistically increase. 

Matrix Spikes, LCS and Surrogate recoveries: Generally 70-130% for inorganics/metals; 60-140% for organics (+/-50% surrogates) a 

In circumstances where no duplicate and/or sample spike has been reported at 1 in 10 and/or 1 in 20 samples respectively, the 
sample volume submitted was insufficient in order to satisfy laboratory QA/QC protocols. 

When samples are received where certain analytes are outside of recommended technical holding times (THTs), the analysis has 
proceeded. Where analytes are on the verge of breaching THTs, every effort will be made to analyse within the THT or as soon as 
practicable. 

Where sampling dates are not provided, Envirolab are not in a position to comment on the validity of the analysis where 
recommended technical holding times may have been breached. 

Measurement Uncertainty estimates are available for most tests upon request. 

 


