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1. INTRODUCTION  

The Subiaco Wastewater Treatment Plant (WWTP) currently produces >10,000 dry tonnes per annum of 

lime-amended biosolids (LAB).  The production of LAB at the Subiaco WWTP involves the addition of 

quick lime (calcium oxide) to secondary treated dewatered sludge cake.  This process results in a highly 

alkaline product (pH >11) that is effectively sterile and free of offensive odours. 

 

These properties, coupled with high levels of stabilised organic matter, moderate levels of plant-available 

nutrients and relatively low levels of heavy metal contaminants, make the material attractive as a soil 

conditioner, particularly for the acidic coarse-textured soils that comprise a large proportion of the 

agricultural soils of the southwest of Western Australia.  Currently, the majority of biosolid materials 

(LAB and anaerobically digested dewatered biosolids cake) are applied to coarse-textured soils between 

50 and 200 kilometres from the metropolitan area.  These relatively large transportation distances greatly 

add to the cost of using these products as soil conditioners.   

 

There is potential to use the LAB product on sandy soils closer to the metropolitan area, especially on the 

Swan Coastal Plain.  Currently, large areas of the Bassendean Sands, the most acidic and infertile soil 

type present on the Swan Coastal Plain are used for forestry, horticulture and cattle grazing on fertilised 

pastures.  As these soils have very little water-holding capacity and nutrient retention properties, 

application of water-soluble inorganic fertilisers, animal manures or composted organic materials 

containing significant amounts of soluble nitrogen and phosphorus presents a significant environmental 

risk to coastal rivers, lakes and groundwater.  As a result of these environmental risks, the Western 

Australian Government proposes to severely restrict the use of water-soluble fertilisers on the Swan 

Coastal Plain within several years. 

 

The Bassendean Sands are characterised by: 

 coarse texture (<1% clay) 

 moderate natural acidity (pH values between 4.5 and 5.5) 

 low pH buffering capacity (which results in lower pH values caused by the acidifying effects of 

current pasture management practices) 

 very low nutrient holding capacity (CEC values <3 cmol(+)/kg, PRI values <2 mL/g) 

 very low nutrient contents, typically deficient in N, P, K, S Cu and Zn. 

 relatively low levels of organic carbon (typically 1 to 2% by weight in the top 10 cm). 

 

Application of LAB products to the topsoil, either spread on the surface and incorporated into the top 10-

15 cm of soil by conventional cultivation practices, has the potential to significantly improve the fertility 

of unamended Bassendean sands.  The alkalinity of the LAB, typically possessing Neutralising Values of 

~45% CCE (calcium carbonate equivalents), has the ability to neutralise the excessive soil acidity levels 

present in both natural and improved pasture soils.  As much of the alkalinity is present in a ñreactiveò 

form, it is likely that the alkalinity will leach into the subsoil, thereby increasing the pH of acidic subsoils 

which can take many years to treat using agricultural lime products.  The organic matter in the product 

will result in short term increases in soil organic carbon, some of which could potentially be claimed as a 

ñcarbon creditò.  This organic matter has several other beneficial effects such as increasing the Cation 

Exchange Capacity (CEC) and water-holding capacity. A likely effect of increasing the CEC of the 

amended soil is greater effectiveness of cationic nutrients such as ammonium-N and potassium, which 

are subject to significant leaching losses in unamended soils in this environment.  LAB also contains 
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significant amounts of nutrients, particularly nitrogen (~4% of dry solids), phosphorus (~1% of dry 

solids) and micronutrients such as copper and zinc.  Furthermore, the phosphorus is likely to be present 

in ñslow-releaseò forms as a result of reaction of the more soluble forms of P in the non-treated biosolids 

with the calcium added as quicklime.  The excess lime in the product also has the potential to increase 

the P-sorption capacity of the soil. 

 

As a result of a lack of research on the agronomic effectiveness of biosolids and LAB on sandy soils in 

high rainfall areas in Western Australia, the Decision Support Systems required to predict optimum 

application rates and likely cost benefits are very poorly developed.  For example, the bioavailability of 

the P present in LAB is unlikely to increase in a simple linear fashion with increasing application rates 

because of the negative feedback from the effects of increasing pH.  This factor will in turn be influenced 

by other factors, particularly method of application/incorporation and time. 

 

The ChemCentre proposes to conduct a laboratory investigation to determine the changes in various soil 

chemical properties (pH, extractable P, CEC, Phosphorus Retention Index) upon addition of increasing 

rates of LAB to Bassendean Sand.  Concurrently, a demonstration field trial will be established at a site 

identified by the Water Corporation of Western Australia on Bassendean Sand in the Ellenbrook 

catchment west of Bullsbrook.  Samples of soil and leachate will be collected and analysed by the 

ChemCentre to measure agronomic effectiveness and environmental risks. 
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2. OBJECTIVES  

 

 To quantify the effects on soil fertility by adding LAB products to Bassendean soil under field 

and laboratory conditions. 

 To compare the agronomic effectiveness of biosolid soil amendments with conventional practices 

(inorganic fertilisers). 

 To evaluate potential environmental risks following the use of biosolid products as amendments 

for sandy soils in high rainfall areas, specifically the uptake of heavy metals by plants and 

leaching of soluble nutrients, heavy metals and minerals. 
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3. SITE CHARACTERISATION  

3.1 SITE DESCRIPTION  

An experimental site for the field evaluation of the LAB material was provided by the Department of 

Defence on cleared land to the west of the township of Bullsbrook (Figure 1).  The site is situated on a 

sand dune of the Bassendean series of the ancient coastal dune sequence of the Swan Coastal plain.  The 

crest of the dune is located on the western side of the paddock and sloping gently to the south and east.  

Although the land has been cleared for many years, there is no history of recent fertiliser usage.  The 

natural vegetation is dominated by introduced weed species such as veldt grass. 

3.2 BASELINE DATA  

Two samples of topsoil were collected from the site and analysed by various techniques to provide full 

soil characterisation data, including baseline elemental composition to assess changes following 

incorporation of the LAB material. 

 

The samples were analysed using the following procedures: 

 

pH, 0.01 M CaCl2, 1:5 ratio 

Electrical Conductivity, 1:5 ratio 

Organic carbon, Walkley and Black procedure 

Particle size distribution; sand (0.02 to 2.0 mm), silt (0.002 to 0.02 mm) and clay (<0.002 mm) contents. 

Total nitrogen. 

Total phosphorus. 

Phosphorus Retention Index (PRI) 

Cation Exchange Capacity (CEC) and exchangeable cations (Ca, Mg, Na, K, Al, Mn) 

Extractable nutrients and metals, Mehlich 3 procedure. 

Total metals, acid digestion. 
 

Results for these analyses are presented in Table 1. 
 

Table 1  Results for analysis of two samples of soil from the Bullsbrook trial site. 

 

Sample 16407-1 16407-2 

Analyte Unit    
pH (CaCl2)  4.7 4.4 

EC (1:5) mS/m 2 1 

Organic carbon % 0.37 0.36 

Total nitrogen % 0.017 0.014 

Total phosphorus mg/kg 8 5 

Extractable P (Colwell) mg/kg <2 <2 

PRI mL/g 0.3 0.0 

Particle Size Distribution 
Sand % 98.5 99.0 

Silt % 1.0 0.5 

Clay % 0.5 0.5 
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Sample 16407-1 16407-2 

Analyte Unit    

Exchangeable Cation Data 

CEC cmol(+)/kg 2 2 

Exchangeable calcium cmol(+)/kg 0.83 0.63 

Exchangeable magnesium cmol(+)/kg 0.20 0.13 

Exchangeable sodium cmol(+)/kg <0.02 <0.02 

Exchangeable potassium cmol(+)/kg 0.03 <0.02 

Exchangeable aluminium cmol(+)/kg 0.33 0.32 

Exchangeable manganese cmol(+)/kg 0.02 <0.02 

Extractable Nutrients and Metals (Mehlich-3) 

Boron mg/kg <0.1 <0.1 

Calcium mg/kg 150 140 

Cadmium mg/kg 0.01 <0.01 

Cobalt mg/kg 0.01 <0.01 

Copper mg/kg 0.1 0.1 

Iron mg/kg 11 9 

Potassium mg/kg 2 2 

Magnesium mg/kg 22 17 

Manganese mg/kg 2 1 

Molybdenum mg/kg <0.01 <0.01 

Sodium mg/kg 2 1 

Nickel mg/kg <0.1 <0.1 

Phosphorus mg/kg 2 1 

Sulphur mg/kg 2 1 

Zinc mg/kg 0.8 0.4 

Arsenic mg/kg <0.1 <0.1 

Lead mg/kg 0.5 0.2 

Total Metals and Metalloids 

Silver mg/kg <0.2 <0.2 

Arsenic mg/kg <1 <1 

Boron mg/kg <5 <5 

Barium mg/kg 2.0 1.6 

Beryllium mg/kg <0.05 <0.05 

Calcium mg/kg 310 150 

Cadmium mg/kg <0.05 <0.05 

Cobalt mg/kg 14 12 

Chromium mg/kg 0.14 <0.05 

Copper mg/kg 0.4 0.2 

Iron mg/kg 99 48 

Mercury mg/kg <0.02 <0.02 

Potassium mg/kg 9 8 

Magnesium mg/kg 21 13 

Manganese mg/kg 2.0 0.9 

Molybdenum mg/kg <0.5 <0.5 

Sodium mg/kg 37 14 

Nickel mg/kg <1 <1 

Lead mg/kg 0.5 <0.5 
Sulphur mg/kg 22 17 

Antimony mg/kg <1 <1 

Selenium mg/kg 2 1 
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Sample 16407-1 16407-2 

Analyte Unit    
Tin mg/kg <0.5 <0.5 

Vanadium mg/kg 0.3 <0.2 

Zinc mg/kg <5 <5 

 

These results confirm that the soil at the site is typical of unfertilised Bassendean sand.  

 

 pH values of 4.7 and 4.4, indicating a high level of natural acidity.  The soil is expected to 

respond positively to the alkalinity of the LAB. 

 Very low values for Electrical Conductivity indicate low levels of salinity.  The site is expected 

to be very well drained, given its elevation and the coarse texture of the soil (98.5 to 99.0% sand 

content). 

 Low levels of organic carbon.  This provides potential to increase the sequestration of carbon as 

stabilised soil organic matter and thereby present a case to claim ócarbon creditsô in an approved 

Emissions Trading Scheme. 

 Very low values for Phosphorus Retention Index (PRI).  Water-soluble forms of phosphate are 

expected to leach rapidly through the soil profile. 

 Very low values for Cation Exchange Capacity (CEC).  Water-soluble forms of cation nutrients, 

notably potassium, are expected to leach rapidly through the soil profile. 

 Very low levels of plant-available phosphorus, as measured by the Colwell and Mehlich-3 soil 

test methods.  The site is expected to respond to applications of phosphate. 

 Very low concentrations of most other nutrients, particularly sulphur, potassium, manganese 

and copper. 

 Extremely low concentrations of all of the heavy metals measured.  All values are well below 

the corresponding Ecological Investigation Levels (EILs) recommended by the National 

Environment Protection Council (NEPC). 

 

Additional testing was undertaken to provide accurate baseline data for each of the five plots selected for 

the field experiment.  Samples were collected from the topsoil (0 to 10 centimetres) and from the subsoil 

to a depth of 40 centimetres in 10 centimetre increments.  The results are presented in Table 2.  The 

values are consistent with those provided by the initial site characterisation and demonstrate the uniform 

nature of the site. 

 

Samples were collected to determine the bulk density of the topsoil and subsoil.  Bulk density 

measurements are required to convert the concentrations of soil carbon measured on a weight/weight 

basis in the laboratory to a tonnes of carbon per hectare basis, as required for carbon accounting 

purposes.  The results for the bulk density measurements on four samples of topsoil and three samples of 

subsoil are presented in Table 3. 
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Table 2  Results for analysis of baseline samples of soil collected from the Bullsbrook trial site. 

 

Plot Depth Stones EC(1:5) pH(CaCl2) Total-N Total-P Bic-P PRI Total C 

 cm  mS/m  % % mg/kg mL/g % 

1 0-10 0.9 1 4.8 0.019 9 <2 0.0 0.48 

1 10-20 0.4 1 4.5  4 <2 -0.4 0.77 

1 20-30 0.1 1 4.3  4 <2 0.3 0.42 

1 30-40 0.2 1 4.3  2 <2 1.2 0.31 

2 0-10 0.8 2 4.7 0.019 7 <2 0.2 0.48 

2 10-20 0.2 2 4.5  5 <2 0.3 0.69 

2 20-30 0.1 1 4.4  3 <2 0.1 0.42 

2 30-40 0.1 1 4.4  2 <2 0.2 0.33 

3 0-10 0.6 1 4.8 0.026 10 <2 0 0.68 

3 10-20 0.4 1 4.3  5 <2 0.2 0.64 

3 20-30 0.2 1 4.2  2 <2 0.1 0.42 

3 30-40 <0.1 1 4.2  3 <2 0.3 0.37 

4 0-10 0.8 1 4.9 0.023 13 <2 -0.1 0.59 

4 10-20 0.2 1 4.6  5 <2 0.0 0.58 

4 20-30 0.1 1 4.4  4 <2 0.2 0.44 

4 30-40 0.1 <1 4.3  4 <2 0.1 0.30 

5 0-10 0.6 1 4.7 0.017 5 <2 0.1 0.48 

5 10-20 0.2 1 4.3  6 <2 0.2 0.51 

5 20-30 0.2 1 4.1  7 <2 0.2 0.44 

5 30-40 0.1 1 4.1  5 <2 0.0 0.38 
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Table 3  Bulk Density Measurements 

Sample Bulk Density 

(dry tonnes/m
3
) 

Moisture (105 ) 

% as received 

Topsoil 1 1.54 0.4 

Subsoil 1 1.58 0.2 

Topsoil 2 1.51 0.2 

Subsoil 2 1.57 0.1 

Topsoil 3 1.55 0.1 

Subsoil 3 1.60 0.1 

Topsoil 4 1.56 0.2 

Average Topsoil 1.54 (0.02)  

Average Subsoil 1.58 (0.02)  
     Note: Values for Standard Deviations for average bulk densities are presented 

   in parentheses. 

 

In order to provide an accurate estimate of the baseline level of carbon at the experimental site, it was 

necessary to analyse representative samples of the >2 millimetre fraction (reported as óStonesô in 

Table 2) for carbon.  Representative samples of the >2 millimetre fraction of soil collected at sampling 

depths of 0 to 10, 10 to 20, 20 to 30 and 30 to 40 centimetres were analysed for carbon using three 

methods described below. 

 Total carbon using a LECO instrument. 

 Total Organic Carbon (TOC) using a LECO instrument. 

 Organic carbon using the Walkley and Black (W/B) wet oxidation procedure. 

 

Results for these analyses are presented in Table 4. 

 

Table 4  Carbon concentrations of the >2 millimetre soil fraction 

 

Depth  Moisture Total carbon TOC Org C (W/B) 

centimetres % as received 

0 - 10  11.0 7.1 10.6 

10 - 20  21.1 15.6 15.1 

20 - 30  18.3 13.1 9.3 

30 - 40  12.0 14.8 7.7 
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4. LABORATORY EXPERIMENT  

A laboratory experiment was conducted to measure the changes in soil properties when different 

application rates of three biosolid products were added to Bassendean sand collected from the field 

experiment site.  The biosolid products evaluated were 

 LAB from the Subiaco WWTP. 

 Biosolids from the Woodman Point WWTP. 

 Biosolids from the Beenyup WWTP 

 

A sample of the inorganic fertiliser blend used in the field experiment was also used in the laboratory 

experiment as a comparator. 

 

The aims of the laboratory experiment were to measure 

 Increases in soil pH of the blended soils. 

 Changes in the concentration of plant-available phosphorus in the blended soils, as measured 

by the Colwell and Mehlich-3 soil test methods. 

 Changes in the phosphate adsorption properties of the blended soils, as measured by the PRI 

soil test. 

 Leachate quality from the blended soils, as indicated by pH, Electrical Conductivity, soluble 

nutrients (NH3-N, NO3-N, soluble reactive P) and leachable metals. 

 

4.1 CHARACTERISATION OF BIOSOLIDS PRODUCTS 

Samples of the three biosolids products were characterised by laboratory analysis using the methods 

summarised below. 

 Moisture content was determined by measuring the loss upon drying in an oven set at 105C. 

 Ash content was measuring by weighing the residue after igniting the sample at 550C in a 

muffle furnace. 

 Total nitrogen and carbon contents were measured combustion using a LECO instrument. 

 pH, EC and soluble NH3-N, NO3-N and SRP were measured following extraction of 

unprepared samples with deionised water using a 1:20 sample:solution ratio. 

 Major nutrients (P, K, Ca, Mg, Na, S, B, Cu, Fe, Mn, Mo and Zn) were measured by 

Inductively Coupled Plasma - Atomic Emission Spectrometry (ICP-AES) following digestion 

of the samples with a mixture of nitric and perchloric acids. 

 Water soluble (w/s) and Neutral Ammonium Citrate (NAC) soluble forms of phosphorus 

were measured by CSBP (Kwinana) using standard AOAC procedures. 

 Neutralising Value (NV) of each product was measured by a titrimetric procedure. 

 

Results for analysis of the three biosolids samples are presented in Table 5. 

 

LAB is highly alkaline, with the pH of a 1:20 water extract of a sample of fresh LAB being just below 

13.  Biosolids from Woodman Point and Beenyup were slightly alkaline to near neutral, with pH 

values of 7.8 and 7.3, respectively 

 

As anticipated, the nutrient contents of the LAB product were significantly lower than those of the 

two conventional biosolids materials.  The lower nutrient content of the LAB can be attributed to the 

dilution effect of the added lime. 
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LAB contained very low concentrations of mineralised nitrogen compared with conventional biosolids 

from Woodman Point and Beenyup.  Only trace amounts of ammonium-N (N-NH3) were present in a 

1:20 extract of fresh LAB.  Ammonium-N is expected to be readily lost by volatilisation at the pH of 

fresh LAB. 

 

The concentration of water-soluble phosphorus was very low in the LAB material, while the other two 

products had significant concentrations of water-soluble phosphorus.  More than 50% of the total 

phosphorus in the LAB material was soluble in the NAC extractant, which indicates it is likely to be 

plant available despite its low solubility in water.  The ratios of NAC-extractable phosphorus to total 

phosphorus were similar in all three materials. 

 

Table 5  Results for analysis of three biosolids products. 

Sample  LAB  Woodman Point Beenyup 

Analyte Units    
Moisture % as received 69.7 87.0 81.8 

Ash % as received 13.2 3.54 3.42 

Nitrogen, total % dry basis 3.49 5.91 6.23 

Carbon, total % dry basis 30.8 36.8 41.3 

Phosphorus, total % dry basis 0.92 2.48 1.82 

Phosphorus, w/s % dry basis <0.1 0.81 0.27 

Phosphorus, NAC % dry basis 0.5 1.2 1.1 

Neutralising Value % CaCO3 36.3 10.3 10.2 

Calcium % dry basis 14.2 2.16 2.98 

Magnesium % dry basis 0.78 0.79 0.32 

Potassium % dry basis 0.15 0.28 0.10 

Sodium % dry basis 0.15 0.16 0.16 

Sulphur % dry basis 0.69 1.17 1.05 

Boron mg/kg, db 21 49 57 

Copper mg/kg, db 440 1000 880 

Iron mg/kg, db 7100 6800 4100 

Manganese mg/kg, db 45 100 120 

Molybdenum mg/kg, db 4 18 12 

Zinc mg/kg, db 290 1000 850 

pH (1:20 extract)  11.8 7.8 7.3 

EC (1:20 extract) mS/m 260 95 90 

N_NH3 (1:20 extract) mg N/L 1.4 91 81 

N_NO3 (1:20 extract) mg/L 1.2 <0.1 <0.1 

SRP  (1:20 extract) mg/L <0.1 36 30 
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4.2 PREPARATION OF LAB  / SOIL BLENDS 

Blends of the three biosolids products with Bassendean sand were prepared by adding the calculated 

weight of dried material with 1 kilogram of sand.  The weights of biosolids product added were 

calculated to be equivalent to the following application rates assuming incorporating to a depth of 20 

centimetres and a soil bulk density of 1.5 tonnes per cubic metre. 

  Equivalent field rate  Weight of biosolids per kilogram 

  (dry tonnes per hectare) (gram) 

  0    0.000 

  2    0.667 

  4    1.333 

  8    2.667 

  16    5.333 

  32    10.67 

  64    21.33 

 

Soil blends of the fertiliser used at the Bullsbrook site were also prepared for comparative purposes.  

The rates selected were one tenth that of the corresponding biosolids rates.   

 

Sufficient water was added to the soil blends to bring them to approximate field capacity.  The blends 

were then aerobically incubated in a fan-forced oven set at 40C for seven days, then the soils were 

dried and mixed thoroughly. 

4.3 ANALYSIS OF SOIL BLENDS 

Results for analysis of the blended soils are attached as Appendix 1 (Lab No 07A593).  The samples 

were analysed for: 

 pH and Electrical Conductivity 

 Total nitrogen and phosphorus 

 Phosphorus Retention Index (PRI) 

 Extractable phosphorus, Colwell method 

 Extractable nutrients and metals, Mehlich-3 method 

 Total metals and metalloids using mixed acid microwave assisted digestion (USEPA 3051A) 

 

4.3.1 pH 

Results for pH of the blended soil as a function of the application rate of the biosolids and fertiliser 

are presented graphically in Chart 1.  The resulting curves can be used to predict the corresponding 

values that can be expected following application of the products at the three rates selected for the 

field trial at Bullsbrook.  These rates were 2.5, 5 and 10 tonnes per hectare. 

 

Biosolids from Woodman Point and Beenyup resulted in similar pH values, recording near neutral 

values (pH = 6.5 to 7.0) at the higher application rates. 

 

Application of the LAB material resulted in much higher pH values.  At application rates at 8 tonne 

per hectare or higher, the pH values stabilised between pH 8.4 and 8.9.  These values are typical of 

soil containing free calcium carbonate.  It is important to note that the pH values of the soil blend were 

significantly lower than that expected for application of a material containing excess hydrated lime.  It 

would appear that the free hydrated lime has been converted to calcium carbonate by absorption of 

carbon dioxide during the incubation process. 
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Application of the inorganic fertiliser blend did not result in any significant change to the pH of the 

unamended soil. 

 

Chart 1 pH of soil blends of biosolids products or chemical fertiliser and Bassendean 

sand. 

 
 

4.3.2 Phosphorus Retention Index 

Addition of fertilisers or soil amendment containing significant amount of soluble phosphorus usually 

results in a decrease in the phosphate adsorption properties of the soil.  Phosphate adsorption of soil 

relies on the energy of adsorption of phosphate ions onto positively charged surface associated with 

surfaces of minerals such as calcite and hydrous oxides or iron and aluminium.  As the coverage of 

adsorbed phosphorus on the soil surfaces increases with increasing supply of soluble phosphate, the 

energy of adsorption decreases.  Thus, under normal circumstances, measures of phosphate adsorption 

such as PRI tend to decrease with increasing application rates of phosphorus.  As shown by Chart  2, 

this behaviour was observed for soil treated with the inorganic fertiliser, Woodman Point biosolids 

and Beenyup biosolids. 

 

Chart  2 PRI of soil blends of biosolids products or chemical fertiliser and 

Bassendean sand. 
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However, the relationship between PRI and rate of application of LAB produced a óJ-curveô in which 

PRI initially decreased with increasing rates of LAB, then increased dramatically as the application 

rate of LAB was increased above 16 tonnes per hectare.  This behaviour can be explained by changes 

in pH and calcium status of the soil as the amount of LAB applied to the soil increases.  At relatively 

low application rates, the alkalinity of the LAB is consumed by the acidity of the soil, resulting in 

increases in pH.  As pH increases, the positive charge of the small amount of iron and aluminium 

oxide surfaces decreases, resulting in less efficient phosphate adsorption.  However, when sufficient 

LAB is added to the soil to neutralise the free acidity of the soil, i.e at pH >8.0, adsorption onto free 

calcite provides the dominant pathway for phosphate adsorption.  The amount of calcite in the 

amended soil increases in proportion with the application of LAB, thus explaining the increase in PRI.  

 

The negative values of PRI associated with relatively low application rates of conventional biosolids 

products (and the inorganic fertiliser) indicate that these materials provide a high risk of phosphate 

leaching.  Application of relatively high rates of LAB, on the other hand, provides plant-available 

phosphorus while increasing the adsorption capacity of the soil. 
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4.3.3 Plant-available Phosphorus 

Chart 3 (3a and 3b) show the relationship between application rate and plant-available phosphorus, as 

assessed by two soil test methods.   

 

Chart 3 Plant-available P in soil blends of biosolids products or chemical fertiliser and 

Bassendean sand. 

 
Chart 3a. Colwell (Bic-P) Soil Test 

 

 
Chart 3b. Mehlich-3 Soil Test 

 

These results show that the inorganic fertiliser provides the most effective means for increasing soil-

test P levels.  Note that the ócritical valueô for soil test P for pasture production on Bassendean sands 

(i.e. soils with PRI <1 mL/g) is 10 mg/kg by the Colwell soil test and 15 mg/kg by the Mehlich-3 soil 

test.  Note that only small application rates of Woodman Point and Beenyup biosolids are required to 

achieve these soil test levels.  Thus, application of relatively high rates of the biosolids materials (>10 

dry tonnes/ha) is not appropriate for these poorly buffered sands as there is likely to be a high 

probability of significant phosphate leaching. 
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Application of LAB increases the relevant soil test levels at a much slower rate compared to the 

inorganic and standard biosolids materials.  Furthermore, application of high rates of LAB increases 

the phosphorus adsorption capacity of the soil.  This also has the effect of increasing the optimum soil 

test levels.  For example, the ócritical valuesô for soil test P on a soil with PRI = 10 mL/g 
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4.4 COLUMN LEACHING EXPERIMENT  

4.4.1 Procedure 

Samples of each treatment from the soil incubation experiment described in Section 4.2 were leached 

with deionised water using the equipment illustrated in Figure 2.  Each column was charged with 400 

grams of soil, then leached by upward displacement (i.e. saturated flow) for approximately 16 hours at 

a rate of 1.0 mL/min.  The leaching rate is equivalent to leaching the surface 200 millimetres of soil 

with approximately 800 millimetres of rainfall (equivalent to the annual average rainfall for the 

Ellenbrook catchment).   

 

Samples of leachate obtained from each column were filtered, then analysed for the following water 

quality parameters: 

 pH 

 Electrical Conductivity 

 Alkalinity 

 Nutrients 

o Ammonium-nitrogen 

o Nitrate-nitrogen 

o Total nitrogen 

o Total phosphorus 

o Soluble phosphorus 

 Major Cations 

o Calcium 

o Magnesium 

o Sodium 

o Potassium 

 Metals and metalloids 

o Aluminium 

o Arsenic 

o Boron 

o Barium 

o Cadmium 

o Cobalt 

o Chromium 

o Copper 

o Mercury 

o Manganese 

o Molybdenum 

o Nickel 

o Lead 

o Sulphur (sulphate) 

o Selenium 

o Vanadium 

o Zinc 

 

The leached soil from each column was dried and analysed for the same suite of analytes for the pre-

leached soil blends, as discussed in Section 4.3. 
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4.5 RESULTS AND DISCUSSION 

4.5.1 pH 

Results for analysis of leachates, pre-leached soils and post-leached soils from the column leaching 

experiment for pH are presented in Table 6.  pH and alkalinity of the leachates are also presented in 

Chart  4 and Chart  5 respectively.  Chart  6 compares the pH of soil samples from the various 

treatments before and after leaching. 

 

Addition of LAB resulted in alkaline leachates, with pH values between 7.1 and 7.5.  Soils treated 

with biosolids from the Beenyup WWTP produced leachates with near-neutral pH values.  The pH of 

leachates from soil treated with biosolids from the Woodman Point WWTP increased with increasing 

application rates, ranging from 6.4 at 2 tonnes/ha to 7.2 at 64 tonnes/ha. 
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Table 6  Leaching Column Experiment  -  pH Results 

Treatment Application Rate 

(tonnes/ha) 

Soil pH Values Leachate pH  

Pre-leach Post-leach 
LAB 0 5.3 5.3 7.1 

LAB 2 6.5 6.4 7.1 

LAB 4 7.3 6.8 7.1 

LAB 8 8.4 8.0 7.4 

LAB 16 8.6 8.6 7.5 

LAB 32 8.9 8.9 7.3 

LAB 64 8.9 8.8 7.3 

Beenyup 0 5.9 6.1 6.8 

Beenyup 2 5.8 5.6 7.0 

Beenyup 4 6.0 5.6 6.9 

Beenyup 8 6.2 5.9 7.1 

Beenyup 16 6.5 6.1 7.2 

Beenyup 32 6.8 6.4 7.0 

Beenyup 64 6.9 6.5 7.0 

Woodman  0 5.4 5.3 6.4 

Woodman 2 5.6 5.5 6.4 

Woodman  4 5.8 5.6 6.7 

Woodman 8 6.2 5.9 6.8 

Woodman  16 6.4 6.0 6.8 

Woodman 32 6.8 6.3 6.9 

Woodman  64 7.0 6.6 7.2 

Fertiliser 0 5.2 5.4 6.4 

Fertiliser 0.2 5.2 5.3 6.4 

Fertiliser 0.4 5.2 5.4 6.3 

Fertiliser 0.8 5.1 5.3 6.2 

Fertiliser 1.6 5.1 5.4 5.9 

Fertiliser 3.2 5.3 5.3 5.6 

Fertiliser 6.4 5.1 5.3 5.3 

 
 

 

Chart  4 pH of Leachates 
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Addition of the inorganic fertiliser resulted in acidic leachates, with pH values decreasing with 

increasing application rates.  The lowest pH (5.3) was recorded in the leachate from soil treated with 

the equivalent of 6.4 tonnes/ha. 

 

Leachate alkalinity increased with increasing rates of all three biosolid products (Chart  5).  Leachates 

from soils treated with LAB and Woodman Point biosolids were similar to each other and 

significantly higher than those from soils treated with biosolids from the beenyup WWTP.  Leachates 

from soil treated with the chemical fertiliser blend had very low alkalinity concentrations. 

 

Chart  5 Alkalinity of Leachates 

 
 
Addition of increasing rates of LAB to the soil resulted in significant increases of soil pH, as 

discussed in Section 4.3.1.  Leaching of soil samples treated with LAB at rates of 16 tonnes/ha or 

higher did not significantly change the pH of the soil (Chart  6).  Leaching of soil treated with 

biosolids from either the Beenyup or Woodman Point WWTPs reduced the soil pH by between 0.2 

and 0.5 units.  Leaching of soil treated with the chemical fertiliser blend resulted in a slight increase of 

soil pH. 

 

 

Chart  6 pH of Soils Before and After Leaching 

 

4

5

6

7

8

9

10

0 10 20 30 40 50 60 70

Application Rate (tonnes/ha)

p
H

LAB-before

LAB-after

Beenyup-before

Beenyup-after

Woodman-before

Woodman-after

Fertil iser-before

Fertil iser-after

 



WATER CORPORATION  LIME-AMENDED BIOSOLIDS EVALUATION  

  PART 1:  LAB 

 

 20  
 

 

 

4.5.2 Electrical Conductivity  

Results for analysis of leachates, pre-leached soils and post-leached soils from the column leaching 

experiment for pH are presented in Table 7.  EC values of the leachates are shown in Chart  7, while  

Chart 8 compares EC values of soil samples from the various treatments before and after leaching. 

 

Leachates of soil treated with the chemical fertiliser blends had the highest EC values, followed by 

soil treated with biosolids from the Woodman Point WWTP (Chart  7).  Soils treated with Beenyup 

biosolids or LAB resulted in leachates with similar EC values.  In all cases, EC values increased in a 

near linear fashion with increasing application rates of the soil amendments. 

 

The EC values of the leachates were consistent with the EC values of the corresponding soil samples ( 

Chart 8).  However, the soils after leaching indicated a different trend, with the highest values being 

recorded for the soils treated with LAB.  This observation indicates that LAB contains higher 

concentrations of sparingly soluble mineral phases compared with the two biosolid products and the 

chemical fertiliser blend.  Even at the highest application rate, leachates of soil treated with LAB are 

expected to contain relatively low concentrations of soluble salts. 

 

Table 7  Leaching Column Experiment  -  EC Results 

Treatment Application Rate 

(tonnes/ha) 

Soil Value 

(mS/m) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 2 1 6.9 

LAB 2 4 1 10.1 

LAB 4 4 2 6.5 

LAB 8 8 4 20.6 

LAB 16 13 7 23.2 

LAB 32 18 9 41.6 

LAB 64 22 12 55 

Beenyup 0 2 1 6.2 

Beenyup 2 4 1 8.5 

Beenyup 4 4 1 13.5 

Beenyup 8 7 1 21 

Beenyup 16 11 2 28.4 

Beenyup 32 16 3 31.7 

Beenyup 64 28 4 76.6 

Woodman  0 2 1 8.9 

Woodman 2 4 1 13.1 

Woodman  4 6 2 20.2 

Woodman 8 9 2 30 

Woodman  16 13 6 93.3 

Woodman 32 24 5 98.5 

Woodman  64 43 6 133 

Fertiliser 0 2 1 5.5 

Fertiliser 0.2 4 1 6.3 

Fertiliser 0.4 6 1 11.6 

Fertiliser 0.8 7 2 19.9 

Fertiliser 1.6 13 1 39.7 

Fertiliser 3.2 20 5 98.3 

Fertiliser 6.4 34 7 145 
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Chart  7 Electrical Conductivity (EC) of Leachates 

 
 

Chart 8 EC of Soils Before and After Leaching 
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4.5.3 Phosphorus Retention Index 

Results for Phosphorus Retention Index values of soil samples before and after leaching are presented 

in Table 8 and illustrated graphically in 
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Chart 9. 

 

Table 8  Leaching Column Experiment  -  PRI Results 

Treatment Application Rate 

(tonnes/ha) 

Soil Value 

(mL/g) 

Pre-leach Post-leach 
LAB 0 0.2 0.3 

LAB 2 0.1 0.2 

LAB 4 0.1 0.3 

LAB 8 -0.5 -0.1 

LAB 16 0.2 -0.4 

LAB 32 2.9 0.6 

LAB 64 17 9.9 

Beenyup 0 0.2 0.1 

Beenyup 2 0 0.2 

Beenyup 4 0.1 -0.2 

Beenyup 8 -0.7 -0.2 

Beenyup 16 -1.7 -0.6 

Beenyup 32 -3 -1.3 

Beenyup 64 -3.7 -2.3 

Woodman  0 0.1 0.4 

Woodman 2 -1 0.0 

Woodman  4 -1.1 -0.1 

Woodman 8 -1.8 -0.4 

Woodman  16 -3.2 -2.7 

Woodman 32 -4.5 -2.8 

Woodman  64 -5.9 -3.6 

Fertiliser 0 0 0.4 

Fertiliser 0.2 -0.2 -0.4 

Fertiliser 0.4 -0.1 0 

Fertiliser 0.8 -0.4 0.1 

Fertiliser 1.6 -2 -0.2 

Fertiliser 3.2 -2.7 -1.1 

Fertiliser 6.4 -3.5 -1.5 

 
PRI values of soils treated with either of the two biosolid products or the chemical fertiliser blend 

increased upon leaching, which is expected behaviour following leaching of soluble forms of 

phosphate from treated soil.  A similar trend was observed for soils treated with rates of LAB up to 16 

tonnes/ha (
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Chart 9).  However, PRI of soil treated with either 32 or 64 tonnes per hectare decreased after 

leaching.  The loss of phosphate adsorption capacity is attributed to leaching of soluble alkalinity and 

calcium from the treated soils, both of which contribute to the phosphate adsorption of alkaline soils. 
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Chart 9 PRI of Soils Before and After Leaching 

 
 

 

 

4.5.4 Total Phosphorus 

Results for analysis of leachates, pre-leached soils and post-leached soils from the column leaching 

experiment for pH are presented in Table 9.  Concentrations of total phosphorus in the leachates are 

shown in Chart 10, while Chart 11 compares total phosphorus concentrations of soil samples from the 

various treatments before and after leaching. 

 

The highest concentrations of phosphorus were observed in soils treated with the fertiliser blend.  Of 

the biosolid products, the highest leaching losses were recorded for the Woodman Point WWTP 

product.  By comparison, phosphorus concentrations in leachates of soils treated with LAB were very 

low, with a maximum concentration of 3.3 mg/L being recorded in the leachate from the soil treated 

with the equivalent of 64 tonnes/ha. 
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Table 9  Leaching Column Experiment  -  Total Phosphorus 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 14 9 0.73 

LAB 2 20 9 1.4 

LAB 4 19 9 0.8 

LAB 8 25 29 1.9 

LAB 16 52 46 1.6 

LAB 32 84 66 2.4 

LAB 64 270 150 3.3 

Beenyup 0 13 14 0.82 

Beenyup 2 22 20 2.2 

Beenyup 4 34 24 4 

Beenyup 8 53 47 7 

Beenyup 16 120 80 11 

Beenyup 32 230 140 13 

Beenyup 64 450 280 34 

Woodman  0 15 17 1.5 

Woodman 2 25 16 5.4 

Woodman  4 38 29 11 

Woodman 8 72 55 19 

Woodman  16 150 140 66 

Woodman 32 280 220 79 

Woodman  64 590 420 110 

Fertiliser 0 11 8 0.83 

Fertiliser 0.2 24 10 1.1 

Fertiliser 0.4 28 15 2.3 

Fertiliser 0.8 55 24 10 

Fertiliser 1.6 48 22 5.9 

Fertiliser 3.2 130 99 36 

Fertiliser 6.4 210 130 66 

 
The total phosphorus concentrations in soils before and after leaching (Chart 11) confirmed that 

significant amounts of leaching had occurred from all products.  For example, the leachate from the 

soil treated with 64 tonnes of biosolids from the Woodman Point WWTP had a concentration of total 

phosphorus of 100 mg/L, compared with 78 mg/L of SRP.  
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Chart 10 Total Phosphorus Concentrations in Leachates 

 
 

 
Chart 11 Total Phosphorus in Soils Before and After Leaching 

 
 

 

4.5.5 Bio-available Phosphorus 

Concentrations of Soluble Reactive Phosphorus (SRP) in the leachates from the treated soils are 

presented in Chart 12.  The curves for all products are similar to those for total phosphorus shown in 

Chart 10, although the concentrations for the three biosolids are significantly lower.  On the other 

hand, concentrations of total phosphorus in leachates of soils treated with the fertiliser blend were 

only slightly higher than the corresponding SRP values (Table 10).  This observation indicates that the 

leachates of soils treated with biosolids products, including LAB, contain significant proportions of 

phosphorus in the organic form (which has a much lower enviro0nmental impact compared with SRP).  

At the highest application rate of LAB, only 45% of phosphorus in the leachate was present as SRP. 
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Chart 12 Soluble Reactive Phosphorus (SRP) Concentrations in Leachates 

 

4.5.5.1 Colwell (Bicarb) Soil Test 

Changes in concentrations of bio-available phosphorus in soil treated with either the chemical 

fertiliser blend or the three biosolids products was assessed using two soil test procedures.  Table 10 

lists the soil test values of treated soil before and after leaching as measured by the Colwell (0.5 M 

sodium bicarbonate) soil test.  Table 11 lists the corresponding results measured by the Mehlich-3 soil 

test. 

 

As shown in Table 10, soil test values increased with increasing application rates of all products in the 

order chemical fertiliser blend > Woodman Point WWTP biosolids > Beenyup WWTP biosolids > 

LAB. 

 

All soil test values decreased following leaching of the soil samples, with the greatest decreases 

observed for the chemical fertiliser blend and the conventional biosolids products.  Much smaller 

decreases in soil test P were recorded for soil treated with LAB, which is consistent with the reduced 

leaching losses of soils treated with this material. 

 

Chart  13 Colwell Soil Test Phosphorus in Soils Before and After Leaching 
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Table 10  Leaching Column Experiment  -  Colwell Soil Test Phosphorus  

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L)  Post-leach 
LAB 0 2 <2 0.52 

LAB 2 6 2 1.1 

LAB 4 8 3 0.6 

LAB 8 12 8 1.3 

LAB 16 39 17 1.0 

LAB 32 55 28 0.74 

LAB 64 76 70 1.5 

Beenyup 0 3 <2 0.58 

Beenyup 2 9 4 1.9 

Beenyup 4 12 7 3.6 

Beenyup 8 20 11 6.3 

Beenyup 16 37 26 10 

Beenyup 32 76 50 11 

Beenyup 64 160 100 30 

Woodman  0 8 2 1.2 

Woodman 2 21 4 4.8 

Woodman  4 17 9 9.7 

Woodman 8 43 21 18 

Woodman  16 94 60 57 

Woodman 32 180 95 69 

Woodman  64 280 180 78 

Fertiliser 0 4 <2 0.83 

Fertiliser 0.2 11 3 0.85 

Fertiliser 0.4 18 3 1.9 

Fertiliser 0.8 25 6 5.6 

Fertiliser 1.6 21 9 6.8 

Fertiliser 3.2 43 18 35 

Fertiliser 6.4 76 47 61 

 

 

4.5.5.2 Mehlich 3 Soil Test 

Table 11 lists the concentrations of bio-available phosphorus in soil as measured by the Mehlich-3 soil 

test.  Changes in soil test values following leaching of the treated soil samples is shown in Chart 14.  

The curves are very similar to those obtained by the Colwell soil test (Chart  13), suggesting that the 

two  soil test procedures extract similar forms of phosphorus from the treated soils, despite significant 

differences in the chemical compositions of the extractants  -  0.5 M NaHCO3 and acidic NH4F 

solutions, respectively.  The most significant difference between the results obtained by the soil tests 

was that a greater difference in soil test values between the pre-leached and post-leached soils being 

recorded by the Mehlich-3 soil test.   This difference can be attributed to the ability of the Mehlich-3 

soil test procedure to extract and measure some organic forms of phosphorus;  the Colwell test 

extracts both organic and inorganic forms, but only the latter are measured. 
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Table 11 Leaching Column Experiment  -  Mehlich-3 Soil Test Phosphorus 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 5 3 0.52 

LAB 2 8 4 1.1 

LAB 4 15 5 0.6 

LAB 8 17 11 1.3 

LAB 16 50 20 1 

LAB 32 79 43 0.74 

LAB 64 120 78 1.5 

Beenyup 0 5 4 0.58 

Beenyup 2 18 6 1.9 

Beenyup 4 23 12 3.6 

Beenyup 8 52 19 6.3 

Beenyup 16 88 58 10 

Beenyup 32 130 98 11 

Beenyup 64 270 220 30 

Woodman  0 6 3 1.2 

Woodman 2 18 8 4.8 

Woodman  4 36 12 9.7 

Woodman 8 54 35 18 

Woodman  16 94 72 57 

Woodman 32 200 120 69 

Woodman  64 380 210 78 

Fertiliser 0 10 3 0.83 

Fertiliser 0.2 13 3 0.85 

Fertiliser 0.4 12 5 1.9 

Fertiliser 0.8 20 6 5.6 

Fertiliser 1.6 36 10 6.8 

Fertiliser 3.2 58 23 35 

Fertiliser 6.4 99 59 61 

 

Chart 14 Mehlich-3 Soil Test Phosphorus in Soils Before and After Leaching 
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4.5.6 Nitrogen 

4.5.6.1 Total Nitrogen 

Results for analysis of leachates, pre-leached soils and post-leached soils from the column leaching 

experiment for pH are presented in Table 12.  Concentrations of total nitrogen in the leachates are 

shown in Chart 15, while Chart  16 compares total phosphorus concentrations of soil samples from the 

various treatments before and after leaching. 

 

The highest concentrations of nitrogen were observed in soils treated with the biosolids from the 

Woodman Point WWTP.  Concentrations of total nitrogen in leachates of soil treated with LAB were 

similar to those of soils treated with equivalent rates of Beenyup WWTP biosolids.  Soils treated with 

the chemical fertiliser blend produced leachates with relatively low concentrations of nitrogen.  The 

chemical fertiliser blend was formulated to contain low concentrations of nitrogen. 

 

Although the highest leachate concentrations of nitrogen were recorded with soils treated with the 

Woodman Point WWTP biosolids, the highest soil concentrations of nitrogen were recorded in the 

Beenyup WWTP biosolids treatments (Chart  16). 

 

 

Table 12 Leaching Column Experiment  -  Total Nitrogen 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 0.016 0.016 6.7 

LAB 2 0.023 0.013 10 

LAB 4 0.015 0.012 4.9 

LAB 8 0.017 0.023 10 

LAB 16 0.025 0.021 16 

LAB 32 0.038 0.025 39 

LAB 64 0.094 0.046 70 

Beenyup 0 0.019 0.022 6.4 

Beenyup 2 0.018 0.016 10 

Beenyup 4 0.023 0.022 16 

Beenyup 8 0.027 0.028 24 

Beenyup 16 0.051 0.036 33 

Beenyup 32 0.081 0.053 36 

Beenyup 64 0.143 0.089 100 

Woodman  0 0.018 0.035 10 

Woodman 2 0.017 0.017 15 

Woodman  4 0.022 0.023 24 

Woodman 8 0.029 0.03 40 

Woodman  16 0.049 0.053 130 

Woodman 32 0.075 0.065 130 

Woodman  64 0.134 0.112 180 

Fertiliser 0 0.018 0.013 6.5 

Fertiliser 0.2 0.024 0.017 5 

Fertiliser 0.4 0.024 0.021 7.5 

Fertiliser 0.8 0.031 0.022 3.9 

Fertiliser 1.6 0.022 0.017 19 

Fertiliser 3.2 0.028 0.034 19 

Fertiliser 6.4 0.023 0.028 15 
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Differences in total nitrogen concentrations in soil before and after leaching were not highly 

correlated with concentrations in the leachate, suggesting that some nitrogen was being lost by 

processes other than leaching, particularly with LAB. 

 
Chart 15 Total Nitrogen Concentrations in Leachates 

 
 

 
Chart  16 Total Nitrogen in Soils Before and After Leaching 

 
 

4.5.6.2 Ammonium Nitrogen 

Results for concentrations of ammonium nitrogen in soils before and after leaching, and in the 

leachates from the columns are listed in Table 13. 
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The highest concentrations of ammonium nitrogen were measured in leachates of soil treated with 

Woodmans Points WWTP biosolids, as shown in Chart 15.  Concentrations in the leachate increased 

with increasing application rate, although the lower concentration in the leachate from soil treated 

with Woodman Point biosolids at a rate 64 tonnes/ha is believed the be caused by a laboratory error. 

 

Leachates from soils treated with LAB contained very low concentrations of ammonium nitrogen.  

The measured concentrations were not correlated with the application rate of LAB.  This observation 

is consistent with the very low concentrations of ammonium nitrogen in the soil before leaching, as 

listed in Table 13 and shown in Chart 17.  Leaching resulted in even lower concentrations of 

ammonium nitrogen in the soil. 

 

 

Table 13  Leaching Column Experiment  -  Ammonium Nitrogen 

 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 12 6 3.7 

LAB 2 14 2 5.4 

LAB 4 10 1 2.0 

LAB 8 4 1 2.7 

LAB 16 3 1 1.1 

LAB 32 3 1 4.5 

LAB 64 6 2 4.7 

Beenyup 0 9 7 3.3 

Beenyup 2 20 6 5.7 

Beenyup 4 19 9 9.3 

Beenyup 8 48 9 14 

Beenyup 16 56 10 27 

Beenyup 32 80 13 36 

Beenyup 64 150 25 96 

Woodman  0 12 11 5.7 

Woodman 2 21 8 9.5 

Woodman  4 32 10 15 

Woodman 8 55 11 27 

Woodman  16 67 31 87 

Woodman 32 110 23 130 

Woodman  64 230 25 110 

Fertiliser 0 10 7 4 

Fertiliser 0.2 9 6 3.2 

Fertiliser 0.4 19 11 4.6 

Fertiliser 0.8 13 8 3.1 

Fertiliser 1.6 12 7 11 

Fertiliser 3.2 10 10 16 

Fertiliser 6.4 9 16 14 

 
The low concentrations of ammonium nitrogen in soil treated with LAB is most likely caused by 

volatilisation of ammonia under the highly alkaline conditions. 
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Chart  17 Ammonium Nitrogen Concentrations in Leachates 

 
 

 

Chart  18 Ammonium Nitrogen in Soils Before and After Leaching 

 
 

4.5.6.3 Nitrate Nitrogen 

Concentrations of nitrate nitrogen were very low in soil treated with all products before and after 

leaching (Table 14).  As a result, concentrations of nitrate nitrogen in the leachate were also very low 

(Chart  19). 

 

The low concentrations of nitrate nitrogen in the soil before leaching were not anticipated.  The low 

very concentrations indicate that nitrifying bacteria were either not present in the Bassendean soil 

used for the experiment, or their activity was very low. 

 

Mineral nitrogen (ammonium plus nitrate nitrogen) accounted for approximately 10% and 17% of the 

total nitrogen present in Beenyup and Woodman Point biosolids, respectively, when applied at a rate 
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of 64 tonnes/ha.  These values are significantly less than those estimated from field work experiments 

conducted on WA biosolids (Rigby et al, 2009) which indicate that 39.4% of the nitrogen in Beenyup 

WWTP biosolids was available for plant uptake in the year of application.   

 
Table 14  Leaching Column Experiment  -  Nitrate Nitrogen 

 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 1 1 0.44 

LAB 2 1 1 0.30 

LAB 4 1 1 0.16 

LAB 8 1 1 0.23 

LAB 16 1 1 0.22 

LAB 32 1 1 0.37 

LAB 64 1 1 0.45 

Beenyup 0 1 1 0.38 

Beenyup 2 1 1 0.29 

Beenyup 4 1 1 0.33 

Beenyup 8 1 1 0.31 

Beenyup 16 1 1 0.25 

Beenyup 32 1 1 0.18 

Beenyup 64 1 1 0.29 

Woodman  0 1 1 0.56 

Woodman 2 1 1 0.41 

Woodman  4 1 1 0.42 

Woodman 8 1 1 0.35 

Woodman  16 1 1 0.78 

Woodman 32 1 1 0.44 

Woodman  64 <1 1 0.20 

Fertiliser 0 1 1 0.36 

Fertiliser 0.2 1 1 0.24 

Fertiliser 0.4 1 1 0.27 

Fertiliser 0.8 1 1 0.17 

Fertiliser 1.6 1 1 0.63 

Fertiliser 3.2 1 1 0.57 

Fertiliser 6.4 1 1 0.48 

 

 
However, only a small proportion (approximately 7%) of the total nitrogen in soil treated with LAB 

was present in a bio-available form.  The low content of nitrogen in LAB combined with the low 

percentage of mineral forms of nitrogen in LAB indicate that soils treated with low to moderate rates 

of LAB are likely to be deficient in plant-available nitrogen.  Field work using LAB indicated that it 

was a more effective source of nitrogen for plants, with 65.1% of nitrogen utilised by ryegrass in the 

year of application.  The large difference between nitrogen use efficiency observed in the field and the 

amount of mineralised nitrogen produced after one week of incubation with Bassendean sand indicates 

that mineralisation of organic nitrogen is a relatively slow process, and the rate of mineralisation is 

controlled by various factors including application rate, soil type and plant uptake. 
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Chart  19 Nitrate Nitrogen Concentrations in Leachates 

 
 

4.5.7 Major Cations 

4.5.7.1 Calcium 

The highest concentrations of calcium were recorded in leachates of soils treated with the inorganic 

fertiliser blend (Table 15, Chart  20).  This observation is consistent with expectations, given that most 

of the calcium is present as superphosphate, in which calcium is present in water-soluble forms.  

Significant concentrations of calcium were also recorded in leachates of soil treated with LAB, while 

soil treated with Woodman Point and Beenyup biosolids produced leachates with relatively low 

concentrations of calcium (Chart  20). 

 

Analysis of the soil samples before and after leaching using the Mehlich-3 soil test indicated 

significant decreases for the soil samples treated with LAB (Table 15, Chart  21).  Not surprisingly, 

soils treated with LAB had significantly higher concentrations of extractable calcium compared with 

soils treated with equivalent rates of biosolids. 

 

The Mehlich-3 soil test extractant dissolves soluble, exchangeable and a proportion of the calcite 

forms of calcium. 
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Table 15  Leaching Column Experiment  -  Extractable Calcium 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 150 120 1.1 

LAB 2 180 150 2.4 

LAB 4 380 160 3.1 

LAB 8 320 270 15.4 

LAB 16 1000 390 22.1 

LAB 32 1500 890 47.6 

LAB 64 2100 1400 56 

Beenyup 0 120 160 1.0 

Beenyup 2 200 100 1.0 

Beenyup 4 160 140 1.3 

Beenyup 8 240 110 1.9 

Beenyup 16 290 270 1.8 

Beenyup 32 310 330 1.6 

Beenyup 64 590 670 4.8 

Woodman  0 120 130 1.4 

Woodman 2 130 90 1.4 

Woodman  4 190 100 1.7 

Woodman 8 160 180 2.2 

Woodman  16 180 180 5.9 

Woodman 32 300 270 5.3 

Woodman  64 450 400 5.5 

Fertiliser 0 220 61 1.1 

Fertiliser 0.2 190 61 1.1 

Fertiliser 0.4 150 110 2.7 

Fertiliser 0.8 160 82 8.2 

Fertiliser 1.6 190 93 14.7 

Fertiliser 3.2 210 110 69.9 

Fertiliser 6.4 280 240 143 

 

 

Chart  20 Calcium Concentrations in Leachates 

 
 

 



WATER CORPORATION  LIME-AMENDED BIOSOLIDS EVALUATION  

  PART 1:  LAB 

 

 38  
 

 

 

Chart  21 Extractable Calcium in Soils Before and After Leaching 

 
 

 

4.5.7.2 Magnesium 

Magnesium concentrations in the leachates followed similar trends to those of calcium, albeit a 

significantly lower concentrations (Table 16).  Leachate concentrations of magnesium decreased in 

the order chemical fertiliser blend > LAB > Woodman Point biosolids > Beenyup biosolids (Chart  

22).   

 

The observed concentrations of magnesium in the leachates was reflected by the decreases in 

concentrations of extractable magnesium following leaching of the treated soil samples (Chart 23) 

 

 

Chart  22 Magnesium Concentrations in Leachates 
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Table 16  Leaching Column Experiment  -  Extractable Magnesium 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 21 13 0.4 

LAB 2 21 17 0.7 

LAB 4 38 15 0.9 

LAB 8 28 22 3.9 

LAB 16 83 24 5.5 

LAB 32 110 54 9.2 

LAB 64 140 81 19 

Beenyup 0 15 20 0.4 

Beenyup 2 27 14 0.4 

Beenyup 4 21 19 0.4 

Beenyup 8 32 15 0.7 

Beenyup 16 37 34 0.7 

Beenyup 32 37 39 0.6 

Beenyup 64 68 75 1.9 

Woodman  0 17 19 0.6 

Woodman 2 22 16 0.5 

Woodman  4 34 19 0.7 

Woodman 8 34 37 1.2 

Woodman  16 42 45 4.4 

Woodman 32 82 76 4.4 

Woodman  64 140 130 4.8 

Fertiliser 0 33 10 0.3 

Fertiliser 0.2 25 9 0.4 

Fertiliser 0.4 19 14 1 

Fertiliser 0.8 18 9 2.2 

Fertiliser 1.6 19 6 5.7 

Fertiliser 3.2 14 5 11.9 

Fertiliser 6.4 12 3 13.5 

 

 
Chart 23 Extractable Magnesium in Soils Before and After Leaching 
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4.5.7.3 Sodium 

All of the biosolids products and the chemical fertiliser blend contain low concentrations of 

extractable sodium, as indicated by the values listed in Table 17.  Almost all of this sodium was 

leached from the soil in the column leaching experiment. 

 
Table 17  Leaching Column Experiment  -  Extractable Sodium 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 2 2 1.9 

LAB 2 1 <1 2.5 

LAB 4 <1 <1 1.4 

LAB 8 2 <1 3.6 

LAB 16 5 1 3.6 

LAB 32 7 <1 7.5 

LAB 64 12 1 13.2 

Beenyup 0 2 2 2 

Beenyup 2 2 <1 1.7 

Beenyup 4 1 <1 2.4 

Beenyup 8 2 1 3.7 

Beenyup 16 2 <1 5 

Beenyup 32 3 <1 5.1 

Beenyup 64 8 1 15.1 

Woodman  0 <1 2 2.6 

Woodman 2 1 <1 2.5 

Woodman  4 2 1 3.1 

Woodman 8 2 <1 4.3 

Woodman  16 3 3 14.7 

Woodman 32 5 <1 15 

Woodman  64 10 <1 19.7 

Fertiliser 0 2 3 1.4 

Fertiliser 0.2 1 <1 1.1 

Fertiliser 0.4 2 <1 1.7 

Fertiliser 0.8 <1 <1 1.1 

Fertiliser 1.6 1 <1 5.2 

Fertiliser 3.2 1 <1 6.4 

Fertiliser 6.4 2 1 7.9 

 

4.5.7.4 Potassium 

Concentrations of extractable potassium increased with increasing application rates of LAB, although 

the measured concentrations were considered low in terms of potassium nutrition (Table 18).  Even at 

an application rate of 64 tonnes of LAB per hectare, the potassium status of the amended soil is rated 

as deficient for most pasture species.  Thus, soils treated with LAB will need to be provided with 

additional potassium in order to produce maximum economic production of plant material. 

 

Soils treated with Beenyup WWTP biosolids also resulted in amended soils with low concentrations 

of extractable potassium.  Adding of Woodman Point WWTP biosolids resulted in high soil test 

values for potassium, although the soil test value of soil treated with 64 tonnes/ha is still rated as 

marginal to deficient for optimal plant production. 
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Table 18  Leaching Column Experiment  -  Extractable Potassium 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 2 1 0.7 

LAB 2 2 1 1.2 

LAB 4 4 1 0.8 

LAB 8 4 1 2.5 

LAB 16 12 1 3 

LAB 32 21 2 7.3 

LAB 64 28 3 13.6 

Beenyup 0 4 2 0.7 

Beenyup 2 4 2 0.6 

Beenyup 4 3 2 1 

Beenyup 8 5 2 1.6 

Beenyup 16 7 4 2.2 

Beenyup 32 9 3 2.6 

Beenyup 64 18 7 7.8 

Woodman  0 3 2 1.1 

Woodman 2 3 2 1.4 

Woodman  4 6 2 2.1 

Woodman 8 7 4 3.7 

Woodman  16 11 9 13.8 

Woodman 32 24 8 17.2 

Woodman  64 48 10 26.1 

Fertiliser 0 8 2 0.7 

Fertiliser 0.2 12 2 1.8 

Fertiliser 0.4 13 3 4.3 

Fertiliser 0.8 21 3 10.4 

Fertiliser 1.6 45 2 21.7 

Fertiliser 3.2 74 13 75.9 

Fertiliser 6.4 130 17 135 

 

Addition of potassium in the form of the chemical fertiliser blend was much more effective at raising 

the potassium status of the soil as reflected by the Mehlich-3 soil test (Table 18).  However, this form 

of potassium was readily leached from the treated soil, as shown in Chart 24. 

 

Leaching soil treated with LAB resulted in removal of almost all of the extractable potassium (Chart 

25).  Leaching of soil treated with Woodman Point and Beenyup WWTP biosolids resulted in removal 

of most of the extractable forms of potassium, although the leached soils contained slightly higher 

concentrations of residual potassium compared with soils treated with equivalent rates of LAB (Chart 

25).   
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Chart 24 Potassium Concentrations in Leachates 

 
 

Chart 25 Extractable Potassium in Soils Before and After Leaching 

 
 

4.5.8 Sulphur 

Sulphate applied to the soil by application of the chemical fertiliser blend resulted in leachates 

containing the highest concentrations of soluble sulphur, most of which will be present as sulphate 

(Chart 26, Table 19).  Significant amounts of sulphur were also leached from soils treated with 

biosolids from the Woodman Point WWTP (Chart 26).  These values were approximately twice as 

high as those obtained by leaching soil treated with either LAB or Beenyup WWTP solids at 

equivalent rates. 
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Table 19  Leaching Column Experiment  -  Extractable Sulphur 

 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 3 1 1.5 

LAB 2 5 1 2.4 

LAB 4 7 1 1.7 

LAB 8 9 2 4.5 

LAB 16 26 4 6.4 

LAB 32 42 10 16 

LAB 64 69 19 25 

Beenyup 0 3 1 1.4 

Beenyup 2 6 1 2.1 

Beenyup 4 7 1 3.2 

Beenyup 8 14 1 5.5 

Beenyup 16 21 2 9.1 

Beenyup 32 31 3 9.8 

Beenyup 64 55 6 31 

Woodman  0 3 1 1.6 

Woodman 2 5 1 3 

Woodman  4 9 1 5 

Woodman 8 13 2 8.8 

Woodman  16 21 10 39 

Woodman 32 46 7 41 

Woodman  64 90 8 54 

Fertiliser 0 4 <1 1 

Fertiliser 0.2 10 1 2 

Fertiliser 0.4 13 1 4.6 

Fertiliser 0.8 19 1 10 

Fertiliser 1.6 44 <1 22 

Fertiliser 3.2 83 12 70 

Fertiliser 6.4 110 24 110 

 
Applying all four products resulted in a linear increase in extractable sulphur in the amended soil 

samples (Chart 27).  Of the biosolid products, the amounts of extractable sulphur decreased in the 

order Woodman Point > Beenyup > LAB for the amended soils prior to leaching.  After leaching, soils 

treated with LAB contained the highest concentrations of residual extractable sulphur.  The 

differences in the relative proportions of extractable sulphur in the three biosolids products most likely 

reflects the different proportions of organic (less soluble) and inorganic (more soluble) forms of 

sulphur. 
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Chart 26 Sulphur Concentrations in Leachates 

 
 

 
Chart 27 Extractable Sulphur in Soils Before and After Leaching 

 
 

 

4.5.9 Trace Elements 

4.5.9.1 Extractable Boron 

Results for soluble boron in the leachates and extractable boron in the pre-leached and post-leached 

soils are listed in Table 20.  Concentrations of boron in all samples were below the reporting limit for 

the method of 0.1 mg/kg.  Concentrations of boron in the leachates were also low and increased only 

slightly with increasing application rates.  Boron may be a deficient element for plant species with a 
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high demand for this nutrient and application of very high rates of LAB or conventional biosolids 

materials will be required to alleviate potential boron deficiency on these soil types. 

 

Table 20  Leaching Column Experiment  -  Extractable Boron 

 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 <0.1 <0.1 0.1 

LAB 2 <0.1 <0.1 0.1 

LAB 4 <0.1 <0.1 0.1 

LAB 8 <0.1 <0.1 0.09 

LAB 16 <0.1 <0.1 0.1 

LAB 32 <0.1 0.1 0.06 

LAB 64 <0.1 <0.1 0.11 

Beenyup 0 <0.1 <0.1 0.1 

Beenyup 2 <0.1 <0.1 0.1 

Beenyup 4 <0.1 <0.1 0.1 

Beenyup 8 <0.1 <0.1 0.1 

Beenyup 16 <0.1 0.1 0.1 

Beenyup 32 <0.1 0.2 0.1 

Beenyup 64 <0.1 0.4 0.11 

Woodman  0 <0.1 <0.1 0.05 

Woodman 2 <0.1 <0.1 0.05 

Woodman  4 <0.1 0.1 0.05 

Woodman 8 <0.1 0.1 0.06 

Woodman  16 <0.1 0.1 0.1 

Woodman 32 <0.1 0.1 0.1 

Woodman  64 <0.1 0.2 0.12 

Fertiliser 0 <0.1 <0.1 0.04 

Fertiliser 0.2 <0.1 <0.1 0.04 

Fertiliser 0.4 <0.1 <0.1 0.04 

Fertiliser 0.8 <0.1 <0.1 0.04 

Fertiliser 1.6 <0.1 <0.1 0.04 

Fertiliser 3.2 <0.1 <0.1 0.04 

Fertiliser 6.4 <0.1 <0.1 0.04 

 

 

4.5.9.2 Extractable Copper 

LAB and the two biosolids products contain significant amounts of copper.  Application of these 

materials resulted in near linear increases in the concentrations of extractable copper in the amended 

soil samples (Table 21).  Addition of 64 tonnes of biosolids from Woodman Point WWTP and 

Beenyup WWTP resulted in moderately high concentrations of extractable copper of 10 and 9 mg/kg, 

respectively.  Addition of LAB at the same rate increased the extractable copper value to about half of 

these values.  However, leaching soil amended with LAB resulted in significantly higher 

concentrations of soluble copper compared to the other biosolids products (Chart 28). 

 
 

Leaching the soils amended with LAB resulted in a significant reduction in the amount of residual 

extractable copper in the soil, but the amounts of residual copper are well above deficiency levels 

(Chart  29). 
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Table 21  Leaching Column Experiment  -  Extractable Copper 

Treatment Applicat ion Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 <0.1 <0.1 0.006 

LAB 2 0.1 0.2 0.018 

LAB 4 0.4 0.3 0.012 

LAB 8 0.5 0.5 0.053 

LAB 16 2.1 0.8 0.16 

LAB 32 3.4 1.8 0.49 

LAB 64 4.7 2.8 0.88 

Beenyup 0 <0.1 0.1 0.009 

Beenyup 2 0.3 0.2 0.012 

Beenyup 4 0.5 0.5 0.023 

Beenyup 8 1.4 0.8 0.051 

Beenyup 16 2.7 2.5 0.078 

Beenyup 32 4 3.8 0.1 

Beenyup 64 9 8.5 0.34 

Woodman  0 <0.1 0.1 0.005 

Woodman 2 0.3 0.3 0.015 

Woodman  4 0.7 0.5 0.029 

Woodman 8 1.3 1.4 0.066 

Woodman  16 2 2.2 0.27 

Woodman 32 5.4 4.3 0.37 

Woodman  64 10 8.5 0.54 

Fertiliser 0 0.1 0.1 0.005 

Fertiliser 0.2 <0.1 0.1 <0.002 

Fertiliser 0.4 <0.1 0.1 <0.002 

Fertiliser 0.8 <0.1 <0.1 <0.002 

Fertiliser 1.6 <0.1 <0.1 0.004 

Fertiliser 3.2 <0.1 <0.1 0.004 

Fertiliser 6.4 <0.1 0.2 <0.002 

 
Chart 28 Copper Concentrations in Leachates 
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Chart  29 Extractable Copper in Soils Before and After Leaching 

 
 

4.5.9.3 Extractable Manganese 

Concentrations of manganese in leachates of soil treated with LAB and the two conventional biosolids 

materials were all very low (<0.1 mg/L) and not related to the application rate (Chart  30).  These 

results were consistent with the very low measured concentrations of manganese in the amended soils, 

both before and after leaching (Table 22).  On the other hand, concentrations of soil treated with the 

chemical fertiliser blend, which contained a moderate amount of manganese, were much higher and 

increased with increasing application rate to the soil ((Chart  30).   

 

The manganese content of LAB and the two conventional biosolids products are unlikely to alleviate 

the symptoms of manganese deficiency on this soil type unless applied at very high rates. 
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Table 22  Leaching Column Experiment  -  Extractable Manganese 

 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 3 2 0.012 

LAB 2 2 2 0.023 

LAB 4 3 2 0.012 

LAB 8 2 2 0.019 

LAB 16 3 1 0.034 

LAB 32 3 2 0.055 

LAB 64 2 2 0.058 

Beenyup 0 2 2 0.015 

Beenyup 2 4 2 0.016 

Beenyup 4 2 2 0.018 

Beenyup 8 3 2 0.024 

Beenyup 16 3 3 0.019 

Beenyup 32 3 3 0.011 

Beenyup 64 4 4 0.020 

Woodman  0 2 2 0.027 

Woodman 2 2 2 0.022 

Woodman  4 3 2 0.027 

Woodman 8 2 3 0.029 

Woodman  16 2 2 0.054 

Woodman 32 4 3 0.038 

Woodman  64 4 3 0.031 

Fertiliser 0 4 1 0.021 

Fertiliser 0.2 3 1 0.017 

Fertiliser 0.4 2 2 0.036 

Fertiliser 0.8 2 1 0.07 

Fertiliser 1.6 2 1 0.15 

Fertiliser 3.2 2 1 0.48 

Fertiliser 6.4 2 2 0.79 

 

 
Chart  30 Manganese Concentrations in Leachates 
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4.5.9.4 Extractable Zinc 

Measurable concentrations of zinc were recorded in leachates of all samples treated with either the 

chemical fertiliser blend or each of the three biosolids products (Table 23, Chart  31).  The highest 

concentrations were recorded in leachates of soil treated with the chemical fertiliser blend, followed 

by the biosolids from Woodman Point WWTP (Chart  31).  Leachates from soils treated with LAB 

were similar to those present in soils treated with equivalents of biosolids from Beenyup WWTP 

(Chart  31) 

 
Table 23  Leaching Column Experiment  -  Extractable Zinc 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 1.2 0.8 0.024 

LAB 2 1.0 0.9 0.024 

LAB 4 1.8 0.9 0.026 

LAB 8 1.3 1.3 0.031 

LAB 16 3.6 1.4 0.042 

LAB 32 4.4 2.8 0.061 

LAB 64 5.8 4.2 0.092 

Beenyup 0 0.9 1.1 0.03 

Beenyup 2 2.2 1.1 0.035 

Beenyup 4 2.0 1.8 0.028 

Beenyup 8 4.0 2.2 0.037 

Beenyup 16 6.2 6.1 0.041 

Beenyup 32 8.2 9 0.041 

Beenyup 64 17 19 0.084 

Woodman  0 0.9 1.0 0.035 

Woodman 2 1.6 1.2 0.035 

Woodman  4 2.7 1.6 0.041 

Woodman 8 3.4 3.9 0.042 

Woodman  16 5.1 5.2 0.092 

Woodman 32 11 10 0.1 

Woodman  64 20 18 0.13 

Fertiliser 0 2.0 0.6 0.029 

Fertiliser 0.2 1.4 0.5 0.026 

Fertiliser 0.4 1.1 0.9 0.026 

Fertiliser 0.8 1.0 0.6 0.027 

Fertiliser 1.6 1.0 0.6 0.055 

Fertiliser 3.2 0.7 0.7 0.054 

Fertiliser 6.4 0.9 1.1 0.083 

 
Addition of LAB and the two other biosolids products resulted in linear increases in the 

concentrations of extractable zinc as measured by the Mehlich-3 soil test (Chart  32).  The greatest 

increases were observed for soil treated with Woodman Point and Beenyup WWTP biosolids.  

Leaching the amended soil resulted in only slight concentrations of extractable zinc for these two 

products.  A minor decrease was recorded for soil treated with Woodman Point WWTP biosolids, 

while a slight, but not significant increase was observed for soil treated with Beenyup WWTP 

biosolids.  Leaching of soil treated with LAB resulted in a significant decrease in concentrations of 

extractable zinc, but the levels at the higher application rates are well above those required to supply 

adequate zinc for nutrition of pasture species for many years. 
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Chart  31 Zinc Concentrations in Leachates 

 

 
Chart  32 Extractable Zinc in Soils Before and After Leaching 

 
 

4.5.10 Heavy Metals 

All samples of amended samples, both before and after leaching were analysed for various heavy 

metals using an acid digest procedure.  Results have been compared with the Ecological Investigation 

Levels (EILs) for soil, based on ANZECC values adopted by the WA Department of Environment and 

Conservation for its Contaminated Sites Guidelines (DEC, 2003).  Leachate concentrations have been 

compared with proposed Trigger Values for protection of 95% of species in freshwater (Australian 

and New Zealand Guidelines for Fresh and Marine Water Quality (2000)).   
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4.5.10.1 Silver 

Addition of LAB and the two conventional biosolids to Bassendean sand only resulted in a slight 

increase above background levels at the highest application rates (Table 24).  Measured concentrations 

in these soils were not reduced significantly after the column leaching. 

 

Table 24  Leaching Column Experiment  -  Silver 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 <0.2 <0.2 - 

LAB 2 <0.2 <0.2 - 

LAB 4 <0.2 <0.2 - 

LAB 8 <0.2 <0.2 - 

LAB 16 <0.2 <0.2 - 

LAB 32 <0.2 <0.2 - 

LAB 64 0.5 0.3 - 

Beenyup 0 <0.2 <0.2 - 

Beenyup 2 <0.2 <0.2 - 

Beenyup 4 <0.2 <0.2 - 

Beenyup 8 <0.2 <0.2 - 

Beenyup 16 <0.2 <0.2 - 

Beenyup 32 <0.2 <0.2 - 

Beenyup 64 0.4 0.3 - 

Woodman  0 <0.2 <0.2 - 

Woodman 2 <0.2 <0.2 - 

Woodman  4 <0.2 <0.2 - 

Woodman 8 <0.2 <0.2 - 

Woodman  16 <0.2 <0.2 - 

Woodman 32 <0.2 <0.2 - 

Woodman  64 0.4 0.4 - 

Fertiliser 0 <0.2 <0.2 - 

Fertiliser 0.2 <0.2 <0.2 - 

Fertiliser 0.4 <0.2 <0.2 - 

Fertiliser 0.8 <0.2 <0.2 - 

Fertiliser 1.6 <0.2 <0.2 - 

Fertiliser 3.2 <0.2 <0.2 - 

Fertiliser 6.4 <0.2 <0.2 - 

 

 

4.5.10.2 Arsenic 

Addition of LAB and the two conventional biosolids to Bassendean sand did not result in measurable 

concentrations of arsenic in the amended soil (Table 25).  Traces of arsenic were recorded in leachates 

of soil treated with LAB and the two conventional biosolids, with observed concentrations increasing 

in the order LAB < Beenyup WWTP < Woodman Point WWTP.  The measured concentrations were 

very low and were all below the Trigger Level of 0.024 mg/L for trivalent arsenic for protection of 

95% of species in freshwater.  Only soil treated with 64 tonnes per hectare resulted in a leachate 

exceeded the corresponding Trigger Value of 0.013 mg/L for pentavalent arsenic. 
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Table 25  Leaching Column Experiment  -  Arsenic 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 <1 <1 <0.001 

LAB 2 <1 <1 <0.001 

LAB 4 <1 <1 <0.001 

LAB 8 <1 <1 0.002 

LAB 16 <1 <1 0.002 

LAB 32 <1 <1 0.005 

LAB 64 <1 <1 0.010 

Beenyup 0 <1 <1 <0.001 

Beenyup 2 <1 <1 <0.001 

Beenyup 4 <1 <1 <0.001 

Beenyup 8 <1 <1 0.001 

Beenyup 16 <1 <1 0.002 

Beenyup 32 <1 <1 0.003 

Beenyup 64 <1 <1 0.010 

Woodman  0 <1 <1 <0.001 

Woodman 2 <1 <1 <0.001 

Woodman  4 <1 <1 0.001 

Woodman 8 <1 <1 0.003 

Woodman  16 <1 <1 0.011 

Woodman 32 <1 <1 0.012 

Woodman  64 <1 <1 0.017 

Fertiliser 0 <1 <1 <0.001 

Fertiliser 0.2 <1 <1 <0.001 

Fertiliser 0.4 <1 <1 <0.001 

Fertiliser 0.8 <1 <1 <0.001 

Fertiliser 1.6 <1 <1 <0.001 

Fertiliser 3.2 <1 <1 0.002 

Fertiliser 6.4 <1 <1 0.002 

 

 

4.5.10.3 Barium 

Slight increases in soil barium were recorded following treatment of Bassendean sand with LAB and 

the two conventional biosolids products (Table 26).  The highest concentrations were observed 

following application of biosolids from the Woodman Point WWTP.  Application of either LAB or 

Beenyup WWTP biosolids resulted in similar increases in barium concentrations at approximately 

50% of that recorded for equivalent rates of Woodman Point WWTP biosolids.  All concentrations 

were well below the Ecological Investigation Level (EIL) of 400 mg/kg for barium in soil. 

 

The highest leachate concentrations of barium were recorded for soils treated with LAB, but the 

highest level recorded was only 0.029 mg/L.  There are no current guideline Trigger Values for 

barium relating to fresh water in Australia and New Zealand. 
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Table 26  Leaching Column Experiment  -  Barium 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 1.7 1.9 0.005 

LAB 2 2.5 1.7 0.004 

LAB 4 1.9 1.7 0.003 

LAB 8 2.1 3.3 0.011 

LAB 16 3.0 3.0 0.013 

LAB 32 3.6 3.6 0.024 

LAB 64 8.9 6.4 0.029 

Beenyup 0 2.4 2.4 0.005 

Beenyup 2 2.7 1.9 0.006 

Beenyup 4 2.7 2.9 0.007 

Beenyup 8 3.6 4.0 0.007 

Beenyup 16 6.5 6.1 0.005 

Beenyup 32 10 8.8 0.003 

Beenyup 64 20 16 0.007 

Woodman  0 2.1 4.1 0.004 

Woodman 2 1.7 2.5 0.008 

Woodman  4 2.2 3.2 0.008 

Woodman 8 2.8 3.5 0.006 

Woodman  16 4.1 5.5 0.010 

Woodman 32 5.8 6.9 0.008 

Woodman  64 9.7 12 0.006 

Fertiliser 0 2.1 1.9 0.006 

Fertiliser 0.2 2.7 2.4 0.005 

Fertiliser 0.4 2.5 2.7 0.009 

Fertiliser 0.8 3.3 3.0 0.004 

Fertiliser 1.6 2.3 2.5 0.017 

Fertiliser 3.2 2.8 4.1 0.011 

Fertiliser 6.4 2.4 3.6 0.008 

 

 

4.5.10.4 Cadmium 

Addition of LAB and the two conventional biosolids products resulted in levels of soil cadmium at or 

slightly above the reporting level for the method of 0.05 mg/kg (Table 27).  The levels were well 

below the EIL for cadmium of 3 mg/kg. 

 

Measured concentrations of cadmium in leachates of soil treated with LAB increased with increasing 

application rates.  Application rates of 16 tonnes/ha or greater resulted in leachates containing 

cadmium in concentrations above the Trigger Value of 0.0002 mg/L for protection of 95% of species 

in fresh water.  Similar concentrations of cadmium were recorded for the chemical fertiliser blends 

applied at rates ten times lower than LAB. 
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Table 27  Leaching Column Experiment  -  Cadmium 

 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 <0.05 <0.05 <0.0001 

LAB 2 <0.05 <0.05 <0.0001 

LAB 4 <0.05 0.05 <0.0001 

LAB 8 <0.05 0.06 0.0002 

LAB 16 <0.05 0.08 0.0003 

LAB 32 <0.05 <0.05 0.0005 

LAB 64 <0.05 <0.05 0.0010 

Beenyup 0 <0.05 <0.05 <0.0001 

Beenyup 2 <0.05 <0.05 <0.0001 

Beenyup 4 <0.05 <0.05 <0.0001 

Beenyup 8 <0.05 <0.05 0.0001 

Beenyup 16 <0.05 <0.05 <0.0001 

Beenyup 32 <0.05 <0.05 0.0001 

Beenyup 64 0.06 <0.05 0.0002 

Woodman  0 <0.05 <0.05 <0.0001 

Woodman 2 <0.05 <0.05 <0.0001 

Woodman  4 <0.05 <0.05 0.0001 

Woodman 8 <0.05 <0.05 0.0001 

Woodman  16 <0.05 <0.05 0.0003 

Woodman 32 <0.05 <0.05 0.0003 

Woodman  64 0.06 0.07 0.0004 

Fertiliser 0 <0.05 <0.05 <0.0001 

Fertiliser 0.2 <0.05 0.06 <0.0001 

Fertiliser 0.4 <0.05 <0.05 <0.0001 

Fertiliser 0.8 <0.05 <0.05 <0.0001 

Fertiliser 1.6 <0.05 <0.05 0.0001 

Fertiliser 3.2 <0.05 0.07 0.0005 

Fertiliser 6.4 <0.05 0.08 0.0012 
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4.5.10.5 Cobalt 

Levels of cobalt in soil increased only slightly in response to application of the biosolids products 

(Table 28) and well below the EIL for cobalt in soil of 60 mg//kg.  Leachate concentrations were all 

very low.  There are no current guideline Trigger Values for cobalt in fresh water in Australia and 

New Zealand. 

 

Table 28  Leaching Column Experiment  -  Cobalt 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 

LAB 0 0.4 0.2 <0.005 

LAB 2 0.4 0.2 <0.005 

LAB 4 0.4 0.3 <0.005 

LAB 8 0.6 0.4 <0.005 

LAB 16 0.5 0.2 <0.005 

LAB 32 0.4 0.3 <0.005 

LAB 64 0.5 0.5 <0.005 

Beenyup 0 0.6 0.2 <0.005 

Beenyup 2 0.5 0.3 <0.005 

Beenyup 4 0.4 0.2 <0.005 

Beenyup 8 0.5 0.3 <0.005 

Beenyup 16 0.6 0.3 <0.005 

Beenyup 32 0.4 0.3 <0.005 

Beenyup 64 0.6 0.3 <0.005 

Woodman  0 0.6 0.6 <0.005 

Woodman 2 0.3 0.6 <0.005 

Woodman  4 0.4 0.6 <0.005 

Woodman 8 0.4 0.4 <0.005 

Woodman  16 0.7 0.6 <0.005 

Woodman 32 0.7 0.5 <0.005 

Woodman  64 0.7 0.6 0.007 

Fertiliser 0 0.4 0.5 <0.005 

Fertiliser 0.2 0.5 0.6 <0.005 

Fertiliser 0.4 0.3 0.5 <0.005 

Fertiliser 0.8 0.4 0.7 <0.005 

Fertiliser 1.6 0.4 0.6 <0.005 

Fertiliser 3.2 0.4 0.7 <0.005 

Fertiliser 6.4 0.4 0.7 <0.005 
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4.5.10.6 Copper 

Concentrations of total copper in soil increased in response to increasing application rates of LAB and 

conventional biosolids products, but not for the chemical fertiliser blend which did not contain copper 

(Table 29).  Soil treated with either of the two conventional biosolids products resulted in amended 

soils with similar amounts of copper, all of which were well below the EIL value for soil of 60 mg/kg. 

 

Although LAB amended soils had lower levels of copper, the corresponding leachates contained 

higher concentrations of copper.  This observation is consistent with the results for extractable copper 

as discussed in Section 4.5.9.2. 

 

Concentrations of copper in the leachate were high compared with the Trigger Value for protection of 

95% of species in fresh water of 0.0014 mg/L.  Background concentrations of unamended soil were 

well above this value 

 

Table 29  Leaching Column Experiment  -  Copper 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 1.7 1.0 0.006 

LAB 2 2.0 1.0 0.018 

LAB 4 2.1 1.3 0.012 

LAB 8 2.8 2.5 0.053 

LAB 16 3.6 2.5 0.16 

LAB 32 4.9 3.4 0.49 

LAB 64 13 6.8 0.88 

Beenyup 0 2.4 1.0 0.009 

Beenyup 2 2.6 1.3 0.012 

Beenyup 4 2.6 2.0 0.023 

Beenyup 8 4.0 3.1 0.051 

Beenyup 16 7.4 5.3 0.078 

Beenyup 32 11 8.0 0.10 

Beenyup 64 21 15 0.34 

Woodman  0 2.2 2.3 0.005 

Woodman 2 1.8 2.6 0.015 

Woodman  4 2.8 3.2 0.029 

Woodman 8 3.6 4.2 0.066 

Woodman  16 6.2 8.4 0.27 

Woodman 32 12 12 0.37 

Woodman  64 22 26 0.54 

Fertiliser 0 7.1 1.7 0.005 

Fertiliser 0.2 1.7 1.8 <0.002 

Fertiliser 0.4 1.3 1.9 <0.002 

Fertiliser 0.8 1.8 2.3 <0.002 

Fertiliser 1.6 1.7 2.0 0.004 

Fertiliser 3.2 1.6 2.3 0.004 

Fertiliser 6.4 1.5 2.4 <0.002 
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4.5.10.7 Chromium  

Results for soil chromium (Table 30) were highly variable with no obvious relationship between soil 

concentration and rate of the amendment material.  In many cases, higher concentrations were 

recorded in soil after leaching.  This was attributed to either the analytical method or the sample 

preparation procedure.  The acid digestion procedure used to analyse the result can result in only 

partial dissolution of some forms of chromium.  It is also possible that the samples were contaminated 

by small amounts of chromium present in the milling equipment.  Consequently, the results for 

chromium in soil must be treated with caution.   

 

The concentrations of chromium in all soil samples, including the unamended soil, were higher than 

the EIL of 50 mg/kg.  The EIL value, based on the ANZECC 1992 values proposed for Australian 

soils, is not considered appropriate for highly weathered Western Australian soils, which tend to 

concentrate highly insoluble minerals such as chromite after millions of years of weathering.   

 

Table 30  Leaching Column Experiment  -  Chromium 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 100 55 <0.0005 

LAB 2 91 53 <0.0005 

LAB 4 100 67 <0.0005 

LAB 8 120 110 0.0006 

LAB 16 97 72 0.0008 

LAB 32 95 71 0.0018 

LAB 64 92 120 0.0030 

Beenyup 0 150 47 <0.0005 

Beenyup 2 150 70 <0.0005 

Beenyup 4 110 63 <0.0005 

Beenyup 8 120 69 0.0007 

Beenyup 16 130 86 0.0006 

Beenyup 32 93 64 0.0006 

Beenyup 64 140 89 0.0011 

Woodman  0 130 160 <0.0005 

Woodman 2 72 160 0.0007 

Woodman  4 92 170 0.0008 

Woodman 8 120 110 0.0009 

Woodman  16 70 150 0.0019 

Woodman 32 170 140 0.0019 

Woodman  64 190 170 0.0019 

Fertiliser 0 96 130 0.0008 

Fertiliser 0.2 120 150 <0.0005 

Fertiliser 0.4 76 130 <0.0005 

Fertiliser 0.8 95 190 <0.0005 

Fertiliser 1.6 95 160 <0.0005 

Fertiliser 3.2 110 170 0.0008 

Fertiliser 6.4 94 200 0.0008 

 
Concentrations of chromium in the leachate increased with increasing rate of application for LAB and 

the two conventional biosolids products.  There are no current guideline Trigger Values for chromium 

in fresh water in Australia and New Zealand. 
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4.5.10.8 Mercury 

Concentrations of mercury in the amended soil were very low (Table 31).  All concentrations were 

well below the EIL value for soil of 1 mg/kg.  All leachates concentrated were below the Trigger 

Value of 0.0006 mg/L for protection of 95% of species in freshwater ecosystems. 

 

Table 31  Leaching Column Experiment  -  Mercury  

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 <0.02 <0.02 <0.0001 

LAB 2 <0.02 <0.02 0.0001 

LAB 4 <0.02 <0.02 <0.0001 

LAB 8 <0.02 <0.02 0.0002 

LAB 16 <0.02 <0.02 0.0002 

LAB 32 <0.02 <0.02 0.0003 

LAB 64 0.03 <0.02 0.0005 

Beenyup 0 <0.02 <0.02 <0.0001 

Beenyup 2 <0.02 <0.02 <0.0001 

Beenyup 4 <0.02 <0.02 <0.0001 

Beenyup 8 <0.02 <0.02 <0.0001 

Beenyup 16 <0.02 <0.02 0.0001 

Beenyup 32 0.02 0.03 0.0001 

Beenyup 64 0.05 0.04 0.0004 

Woodman  0 <0.02 <0.02 <0.0001 

Woodman 2 <0.02 <0.02 <0.0001 

Woodman  4 <0.02 <0.02 <0.0001 

Woodman 8 <0.02 <0.02 <0.0001 

Woodman  16 <0.02 0.06 0.0003 

Woodman 32 <0.02 0.03 0.0003 

Woodman  64 0.10 0.07 0.0005 

Fertiliser 0 <0.02 <0.02 <0.0001 

Fertiliser 0.2 <0.02 <0.02 <0.0001 

Fertiliser 0.4 <0.02 <0.02 <0.0001 

Fertiliser 0.8 <0.02 <0.02 <0.0001 

Fertiliser 1.6 <0.02 <0.02 <0.0001 

Fertiliser 3.2 <0.02 <0.02 <0.0001 

Fertiliser 6.4 <0.02 <0.02 <0.0001 
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4.5.10.9 Manganese 

As discussed in Section 4.5.9.3, addition of LAB or the conventional biosolids provided little to the 

soil in terms of plant-available manganese.  This is consistent with the very low concentrations of total 

manganese in the amended soils, as presented in Table 32.  

 

Leachate concentrations of manganese for all of the amended soils, including these treated with the 

chemical fertiliser blend, were all very low and well below the Trigger Value of 1.9 mg/L for 

protection of 95% of species in freshwater ecosystems. 

 

Table 32  Leaching Column Experiment  -  Manganese 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L)  Pre-leach Post-leach 
LAB 0 6.9 5.1 0.012 

LAB 2 7.4 4.2 0.023 

LAB 4 6.6 4.5 0.012 

LAB 8 7.8 7.6 0.019 

LAB 16 7.1 5.2 0.034 

LAB 32 6.9 5.1 0.055 

LAB 64 8.1 7.6 0.058 

Beenyup 0 9.6 5.4 0.015 

Beenyup 2 8.5 4.7 0.016 

Beenyup 4 7.1 5.4 0.018 

Beenyup 8 8.0 5.8 0.024 

Beenyup 16 15 6.6 0.019 

Beenyup 32 8.5 5.9 0.011 

Beenyup 64 11 7.4 0.020 

Woodman  0 10 12 0.027 

Woodman 2 5.1 8.5 0.022 

Woodman  4 6.6 9.5 0.027 

Woodman 8 7.1 7.6 0.029 

Woodman  16 6.3 11 0.054 

Woodman 32 11 9.4 0.038 

Woodman  64 12 12 0.031 

Fertiliser 0 7.0 7 0.021 

Fertiliser 0.2 8.7 8.5 0.017 

Fertiliser 0.4 7.1 8.8 0.036 

Fertiliser 0.8 9.2 11 0.070 

Fertiliser 1.6 7.5 8.6 0.15 

Fertiliser 3.2 8.2 12 0.48 

Fertiliser 6.4 7.4 11 0.79 
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4.5.10.10 Molybdenum 

Addition of the soil amendments resulted in little change in concentrations of molybdenum (Table 33).  

The concentrations were well below the EIL value of 40 mg/kg.   

 

Leachate concentrations of molybdenum were also extremely low.  There are no current guideline 

Trigger Values for molybdenum in fresh water in Australia and New Zealand. 

 

Table 33  Leaching Column Experiment  -  Molybdenum 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 1.0 <0.5 <0.02 

LAB 2 0.8 <0.5 <0.02 

LAB 4 0.8 <0.5 <0.02 

LAB 8 1.0 <0.5 <0.02 

LAB 16 0.8 <0.5 <0.02 

LAB 32 0.8 <0.5 <0.02 

LAB 64 0.9 <0.5 <0.02 

Beenyup 0 1.2 <0.5 <0.02 

Beenyup 2 1.1 <0.5 <0.02 

Beenyup 4 0.9 <0.5 <0.02 

Beenyup 8 0.9 <0.5 <0.02 

Beenyup 16 1.1 <0.5 <0.02 

Beenyup 32 0.8 <0.5 <0.02 

Beenyup 64 1.2 0.6 0.02 

Woodman  0 1.0 <0.5 <0.02 

Woodman 2 0.6 <0.5 <0.02 

Woodman  4 0.7 0.6 <0.02 

Woodman 8 0.9 <0.5 <0.02 

Woodman  16 0.6 <0.5 <0.02 

Woodman 32 1.4 <0.5 0.02 

Woodman  64 1.7 0.8 0.04 

Fertiliser 0 0.7 <0.5 <0.02 

Fertiliser 0.2 0.8 <0.5 <0.02 

Fertiliser 0.4 0.6 <0.5 <0.02 

Fertiliser 0.8 0.7 0.7 <0.02 

Fertiliser 1.6 0.7 <0.5 <0.02 

Fertiliser 3.2 0.7 0.5 <0.02 

Fertiliser 6.4 0.8 0.7 <0.02 

 

 

 



WATER CORPORATION  LIME-AMENDED BIOSOLIDS EVALUATION  

  PART 1:  LAB 

 

 61  
 

 

 

4.5.10.11 Nickel 

Addition of the soil amendments resulted in little change in concentrations of nickel (Table 34).  The 

concentrations were well below the EIL value of 60 mg/kg.   

 

Measurable concentrations of nickel were only recorded in leachates of soils treated high rates (Ó 32 

tonnes/ha) of the three biosolids products.  These concentrations were all higher than the Trigger 

Value of 0.011 mg/L for nickel for protection of 95% of species in freshwater ecosystems. 

 

Table 34  Leaching Column Experiment  -  Nickel 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 4 2 <0.01 

LAB 2 3 2 <0.01 

LAB 4 3 2 <0.01 

LAB 8 4 4 <0.01 

LAB 16 4 2 <0.01 

LAB 32 4 2 0.02 

LAB 64 4 4 0.03 

Beenyup 0 5 2 <0.01 

Beenyup 2 4 2 <0.01 

Beenyup 4 3 2 <0.01 

Beenyup 8 4 2 0.01 

Beenyup 16 5 3 0.02 

Beenyup 32 3 2 0.02 

Beenyup 64 5 3 0.05 

Woodman  0 4 4 <0.01 

Woodman 2 2 4 <0.01 

Woodman  4 4 5 0.01 

Woodman 8 3 3 0.01 

Woodman  16 3 5 0.04 

Woodman 32 6 5 0.04 

Woodman  64 7 6 0.05 

Fertiliser 0 3 4 <0.01 

Fertiliser 0.2 4 4 <0.01 

Fertiliser 0.4 3 4 <0.01 

Fertiliser 0.8 3 6 <0.01 

Fertiliser 1.6 4 5 <0.01 

Fertiliser 3.2 3 5 <0.01 

Fertiliser 6.4 4 6 <0.01 
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4.5.10.12 Lead 

Addition of the soil amendments resulted in little change in concentrations of lead (Table 35).  The 

concentrations were well below the EIL value of 300 mg/kg.   

 

Leachate concentrations of lead were variable and not significant correlated with the application rates 

of the soil amendments.  All concentrations were below the EIL value for lead of 0.0034 mg/L for 

protection of 95% of species in freshwater ecosystems. 

 

Table 35  Leaching Column Experiment  -  Lead 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 0.9 0.7 0.0010 

LAB 2 1.1 0.7 0.0006 

LAB 4 0.7 <0.5 0.0005 

LAB 8 0.7 1.0 0.0009 

LAB 16 0.7 0.6 0.0006 

LAB 32 0.8 0.6 0.0009 

LAB 64 1.1 0.8 0.0015 

Beenyup 0 0.9 1.0 0.0008 

Beenyup 2 0.9 0.5 0.0011 

Beenyup 4 0.8 0.8 0.0012 

Beenyup 8 0.8 0.8 0.0011 

Beenyup 16 1.2 0.9 0.0007 

Beenyup 32 1.2 1.0 0.0005 

Beenyup 64 1.8 1.1 0.0022 

Woodman  0 1.0 1.8 0.0012 

Woodman 2 0.7 0.8 0.0014 

Woodman  4 0.7 0.9 0.0016 

Woodman 8 0.8 1.0 0.0015 

Woodman  16 1.1 1.4 0.0023 

Woodman 32 1.3 1.4 0.0020 

Woodman  64 1.8 2.0 0.0015 

Fertiliser 0 0.8 0.5 0.0014 

Fertiliser 0.2 1.0 0.8 0.0014 

Fertiliser 0.4 0.9 0.8 0.0027 

Fertiliser 0.8 2.0 1.0 0.0005 

Fertiliser 1.6 0.9 0.9 0.0016 

Fertiliser 3.2 1.2 1.6 0.0013 

Fertiliser 6.4 0.9 1.4 0.0004 

 

4.5.10.13 Antimony 

Concentrations of antimony in the amended soils were all very low (data not presented).  The highest 

concentrations up to 3 mg/kg were recorded in soils treated with the chemical fertiliser blend.  The 

EIL value for antimony in soil is 20 mg/kg. Leachate concentrations were not measure, but are 

expected to be very low.  There are no current guideline Trigger Values for antimony in fresh water in 

Australia and New Zealand 
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4.5.10.14 Selenium 

Concentrations of selenium in the amended soils, both before and after leaching, were below the 

reporting limit for the method of 1 mg/kg (Table 36).  There is no current EIL value for selenium for 

comparison. 

 

Leachate concentrations were all very low, with only trace of selenium observed in leachates of soils 

treated with the three biosolids products at the two highest application rates.  The concentrations were 

well below the Trigger Value of 0.011 mg/L for total selenium for protection of 95% of species in 

freshwater ecosystems. 

 

Table 36  Leaching Column Experiment  -  Selenium 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 <1 <1 <0.001 

LAB 2 <1 <1 <0.001 

LAB 4 <1 <1 <0.001 

LAB 8 <1 <1 <0.001 

LAB 16 <1 <1 <0.001 

LAB 32 <1 <1 0.002 

LAB 64 <1 <1 0.003 

Beenyup 0 <1 <1 <0.001 

Beenyup 2 <1 <1 <0.001 

Beenyup 4 <1 <1 <0.001 

Beenyup 8 <1 <1 <0.001 

Beenyup 16 <1 <1 <0.001 

Beenyup 32 <1 <1 <0.001 

Beenyup 64 <1 <1 0.002 

Woodman  0 <1 <1 <0.001 

Woodman 2 <1 <1 <0.001 

Woodman  4 <1 <1 <0.001 

Woodman 8 <1 <1 <0.001 

Woodman  16 <1 <1 0.002 

Woodman 32 <1 <1 0.002 

Woodman  64 <1 <1 0.003 

Fertiliser 0 <1 <1 <0.001 

Fertiliser 0.2 <1 <1 <0.001 

Fertiliser 0.4 <1 <1 <0.001 

Fertiliser 0.8 <1 <1 <0.001 

Fertiliser 1.6 <1 <1 <0.001 

Fertiliser 3.2 <1 <1 <0.001 

Fertiliser 6.4 <1 <1 <0.001 
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4.5.10.15 Tin 

Concentrations of tin in the amended soils were very low (Table 37), with measurable concentrations 

only being recorded in soils treated with LAB at 64 tonnes/ha (before leaching), Beenyup WWTP 

biosolids at 32 and 64 tonnes/ha and Woodman Point WWTP biosolids at 32 and 64 tonnes/ha.  These 

levels were well below the EIL value of 50 mg/kg for contaminated soils. 

 

Tin concentrations in the leachates were not measured.  There are no current guideline Trigger Values 

for tin in fresh water in Australia and New Zealand 

 

Table 37  Leaching Column Experiment  -  Tin  

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 <0.5 <0.5 - 

LAB 2 <0.5 <0.5 - 

LAB 4 <0.5 <0.5 - 

LAB 8 <0.5 <0.5 - 

LAB 16 <0.5 <0.5 - 

LAB 32 <0.5 <0.5 - 

LAB 64 0.7 <0.5 - 

Beenyup 0 <0.5 <0.5 - 

Beenyup 2 <0.5 <0.5 - 

Beenyup 4 <0.5 <0.5 - 

Beenyup 8 <0.5 <0.5 - 

Beenyup 16 <0.5 <0.5 - 

Beenyup 32 0.7 0.6 - 

Beenyup 64 1.8 1.0 - 

Woodman  0 <0.5 <0.5 - 

Woodman 2 <0.5 <0.5 - 

Woodman  4 <0.5 <0.5 - 

Woodman 8 <0.5 <0.5 - 

Woodman  16 <0.5 <0.5 - 

Woodman 32 0.7 0.7 - 

Woodman  64 1.7 1.2 - 

Fertiliser 0 0.6 <0.5 - 

Fertiliser 0.2 <0.5 <0.5 - 

Fertiliser 0.4 <0.5 <0.5 - 

Fertiliser 0.8 <0.5 <0.5 - 

Fertiliser 1.6 <0.5 <0.5 - 

Fertiliser 3.2 <0.5 <0.5 - 

Fertiliser 6.4 <0.5 <0.5 - 
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4.5.10.16 Vanadium 

Concentrations of vanadium in all of the amended soil samples were below the reporting limit for the 

method of 0.2 mg/kg (Table 38).  There is no current EIL value for vanadium for comparison. 

 

Leachate concentrations were also very low, with measurable concentrations only recorded for soil 

treated with16, 32 or 64 tonnes of Woodman Points WWTP biosolids or 64 tonnes/ha of Beenyup 

WWTP biosolids.  There are no current guideline Trigger Values for vanadium in fresh water in 

Australia and New Zealand 

 

Table 38  Leaching Column Experiment  -  Vanadium 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 <0.2 <0.2 <0.005 

LAB 2 <0.2 <0.2 <0.005 

LAB 4 <0.2 <0.2 <0.005 

LAB 8 <0.2 <0.2 <0.005 

LAB 16 <0.2 <0.2 <0.005 

LAB 32 <0.2 <0.2 <0.005 

LAB 64 <0.2 <0.2 <0.005 

Beenyup 0 <0.2 <0.2 <0.005 

Beenyup 2 <0.2 <0.2 <0.005 

Beenyup 4 <0.2 <0.2 <0.005 

Beenyup 8 <0.2 <0.2 <0.005 

Beenyup 16 <0.2 <0.2 <0.005 

Beenyup 32 <0.2 <0.2 <0.005 

Beenyup 64 <0.2 <0.2 0.008 

Woodman  0 <0.2 <0.2 <0.005 

Woodman 2 <0.2 <0.2 <0.005 

Woodman  4 <0.2 <0.2 <0.005 

Woodman 8 <0.2 <0.2 <0.005 

Woodman  16 <0.2 <0.2 0.005 

Woodman 32 <0.2 <0.2 0.008 

Woodman  64 <0.2 <0.2 0.014 

Fertiliser 0 <0.2 <0.2 <0.005 

Fertiliser 0.2 <0.2 <0.2 <0.005 

Fertiliser 0.4 <0.2 <0.2 <0.005 

Fertiliser 0.8 <0.2 <0.2 <0.005 

Fertiliser 1.6 <0.2 <0.2 <0.005 

Fertiliser 3.2 <0.2 <0.2 <0.005 

Fertiliser 6.4 <0.2 <0.2 <0.005 
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4.5.10.17 Zinc 

Application of LAB and the two conventional biosolids products resulted in measurable 
concentrations at the higher application rates (32 and 64 tonnes/ha for Woodman Point WWTP 

biosolids and Beenyup biosolids, 64 tonnes/ha for LAB).  Soil concentrations were approximately 

twice as high following application of the conventional biosolids products compared to application of 

the equivalent amount of LAB.  These results (Table 39) were similar to the results for extractable 

zinc listed in Table 23, indicating that much of the zinc in these materials is present in a potentially 

bioavailable form.  The measured concentrations of total zinc were well below the EIL for soil of 200 

mg/kg. 

 

Concentrations of zinc in all leachates, including the background soil, were above the Trigger Value 

of 0.008 mg/L for protection of 95% of species in freshwater ecosystems. 

 

Table 39  Leaching Column Experiment  -  Zinc 

Treatment Application Rate 

(tonnes/ha) 

Soil Concentration 

(mg/kg) 

Leachate 

Concentration 

(mg/L) Pre-leach Post-leach 
LAB 0 <5 <5 0.024 

LAB 2 <5 <5 0.024 

LAB 4 <5 <5 0.026 

LAB 8 <5 <5 0.031 

LAB 16 <5 9 0.042 

LAB 32 <5 <5 0.061 

LAB 64 10 6 0.092 

Beenyup 0 <5 <5 0.030 

Beenyup 2 <5 <5 0.035 

Beenyup 4 <5 <5 0.028 

Beenyup 8 <5 <5 0.037 

Beenyup 16 7 6 0.041 

Beenyup 32 11 9 0.041 

Beenyup 64 21 16 0.084 

Woodman  0 <5 <5 0.035 

Woodman 2 <5 <5 0.035 

Woodman  4 <5 <5 0.041 

Woodman 8 <5 <5 0.042 

Woodman  16 6 9 0.092 

Woodman 32 11 13 0.10 

Woodman  64 21 26 0.13 

Fertiliser 0 <5 <5 0.029 

Fertiliser 0.2 <5 <5 0.026 

Fertiliser 0.4 <5 <5 0.026 

Fertiliser 0.8 <5 <5 0.027 

Fertiliser 1.6 <5 <5 0.055 

Fertiliser 3.2 <5 <5 0.054 

Fertiliser 6.4 <5 <5 0.083 

 

 

4.5.10.18 Summary of Metal Results 

Application of moderate amounts of LAB to Bassendean sand results in metal concentrations for most 

metals well below the corresponding EIL values for soil (Table 40).  The only possible exception may 
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be chromium.  As discussed in Section 4.5.10.7, the results for chromium in soil are of doubtful 

accuracy and the EIL values may not be appropriate for Western Australian soil types. 

 

Table 40 Comparison of Concentrations of Metals in Soils Amended with 32 tonnes/ha of 

LAB with EIL Values  

Metal Concentration in Soil 

32 tonnes/ha 

Application 

mg/kg 

EIL for 

Soil 

 

mg/kg 
Arsenic <1 20 

Barium 3.6 400 

Cadmium <0.05 3 

Chromium (total) (95) 50 

Cobalt 0.4 50 

Copper 4.9 60 

Lead 0.8 300 

Manganese 6.9 500 

Mercury <0.02 1 

Molybdenum 0.8 40 

Nickel 4 60 

Tin <0.5 50 

Zinc <5 200 

 
Leachates of soil treated with 32 tonnes/ha of LAB contained very low concentrations of metals 

(Table 41).  The concentrations of all metals were below the Australian Drinking Water Guidelines 

(ADWG) for human health.  The aluminium concentration (0.7 mg/L) was slightly higher than the 

aesthetic limit of 0.2 mg/L. 

 

Most metal concentrations were either below or slightly higher than the Trigger Values for protection 

of 95% of species in freshwater ecosystems.  The most notable exception was for copper, with a 

leachate concentration of 0.49 mg/L compared with the Trigger value of only 0.0014 mg/L.  Zinc 

concentration (0.061 mg/L) was also significantly higher the corresponding Trigger Value (0.008 

mg/L). 

 

As indicated in the Australian and New Zealand Guidelines for Fresh and Marine Water Quality 

(2000), exceedence of a specific Trigger Value does not necessarily the water quality will adversely 

affect the receiving environment.  The main value of the Trigger Values is to identify metals that are 

most likely to present an environmental impact, in this case copper and zinc.  It should be noted that 

the measured concentrations from the leaching column experiment are intended to simulate the 

concentrations of metals leaching from the amended zone topsoil of the soil profile.  There is potential 

for considerable attenuation of leached metals by the underlying subsoil.   
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Table 41 Comparison of Leachate Concentrations of Metals with Australian Drinking 

Water and Freshwater Ecosystem Protection Guidelines 

Metal Units Leachate 

Concentration           

(32 dry tonnes/ha) 

ADWG Freshwater 

Trigger Value 

(95%) 

Aluminium mg/L 0.7 0.2* 0.055 

Arsenic mg/L 0.005 0.007 0.024 

Barium mg/L 0.013 0.7 - 

Boron mg/L 0.06 0.3 0.37 

Cadmium mg/L 0.0005 0.002 0.0002 

Copper mg/L 0.49 2 0.0014 

Lead mg/L 0.0009 0.01 0.0034 

Manganese mg/L 0.055 0.5 1.9 

Mercury mg/L 0.0003 0.001 0.0006 

Molybdenum mg/L <0.02 0.05 - 

Nickel mg/L 0.02 0.02 0.011 

Selenium mg/L 0.002 0.01 0.011 

Zinc mg/L 0.061 3* 0.008 

  ADWG  = Australian Drinking Water Guidelines 

  Values with an asterisk (*) denote aesthetic limit values. 
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5. FIELD TRIAL   -  LYSIMETER WATER QUALITY  

Samples of leachate were collected from lysimeters installed at the field trial at Bullsbrook on four 

sampling dates between 4 July 2008 and 12 January 2009.  Two lysimeters were installed on each of 

the plots treated with either 0, 2.5, 5.0 or 10.0 tonnes/ha of LAB at a depth of 40 centimetres below 

the soil surface.  The results presented in the following discussion are the mean values for each 

treatment.  Copies of the original laboratory reports are presented in Appendix 3.  Generally, the 

agreement between the duplicate values at each sampling date was very poor, especially for the plots 

treated with LAB. 

 

5.1 PH AND ALKALINITY  

All samples of leachate collected from the field lysimeters recorded acidic pH values during the 

monitoring (Chart  33), unlike the leachates from the laboratory column leaching study which were 

consistently alkaline (Section 4.5.1)  However, apart from the samples collected in January 2009, the 

pH values of the leachates from lysimeters beneath the plots treated with LAB were approximately 1.5 

pH units higher than that from the control plot leachate.Chart  33. 

 

There appears to be a flush of alkaline water passing the lysimeter depth in September 2008, as 

indicated by both the charts for pH (Chart  33) and alkalinity (Chart 34).  The values recorded for 

alkalinity in the leachates collected from the lysimeters in September 2009 are comparable with those 

recorded in the column leaching study for soils treated with similar rates of LAB (Chart  5). 

 

Chart  33 pH of lysimeter leachates  
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These observations can be explained by alkaline leachate from the amended soil layer percolating 

through the subsoil with partial neutralisation of the alkalinity of the leachate by the acidic subsoil of 

the Bassendean sand profile.  These results also suggest that application of higher rates of LAB may 

be of benefit for ameliorating subsoil acidity of these sands in a relatively short period of time. 
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Chart  34 Alkalinity of lysimeter leachates  
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5.2 ELECTRICAL CONDUCTIVITY  

For the first three sampling periods, EC values of lysimeter leachates were all low and comparable 

with those of leachates from the column leaching trial at similar applications of LAB (Chart  7).  

Leachate samples collected in the mid-summer sample had considerably higher EC samples, which 

increased with increasing application rates of LAB.  Possible explanations for this observation include 

evaporo-concentration of salts during the warmer, relatively dry months of late spring and early 

summer, and increased mineralisation of LAB during this period. 

 

Chart  35 EC of lysimeter leachates  
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5.3 SOLUBLE NITROGEN  

Leachates from soil treated with LAB at application rates of 5 and 10 tonnes/ha of LAB contained 

increasing concentrations of soluble nitrogen over the sampling period (Chart  36).  In the final 

sampling, very high concentrations of nitrogen were recorded in these leachates.  The measured 

concentrations were very much higher than those recorded in the leachates of soil treated with similar 

rates of LAB in the column leaching trial (Chart 15).  The increased concentrations suggest that 
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mineralisation of organic forms of LAB was much more rapid under field conditions during spring and 

summer compared with the one week incubation at 23C in the laboratory experiment. 

 

Chart  36 Total nitrogen concentrations of lysimeter leachates 
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Examination of the leaching data for ammonium nitrogen (Chart  37) indicates that there was a flush 

of leached nitrogen corresponding with the flush of alkalinity between July and September.  The 

measured concentrations were significantly higher than those in leachates of soil treated with 

comparable rates of LAB in the laboratory column leaching experiment. 

 

Nitrate-nitrogen behaved quite differently, as indicated by the relationships of concentration in 

lysimeter leachates over time shown in Chart  38.  Leachate concentrations of nitrate decreased over 

the months before increasing dramatically in the January sampling.  This behaviour contrasts 

dramatically with that observed in the column leaching study in which case leachates of soil treated 

with LAB contained very low concentrations of nitrate nitrogen (Chart  19).  Much of the mineralised 

nitrogen described earlier in this section is comprised of nitrate-nitrogen released by mineralisation of 

LAB over the spring and summer months. 

 

Chart  37 Ammonium-N concentrations of lysimeter leachates 
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Chart  38 Nitrate-N concentrations of lysimeter leachates 
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5.4 SOLUBLE PHOSPHORUS 

Concentrations of total phosphorus in the leachates increased over time and also with the rate of 

application of LAB (Chart  39).  Very low concentrations were recorded for the first three sampling 

time with values comparable with those measured in the laboratory column leaching study at similar 

application rates (Table 9).  However, concentrations in leachates from the final sampling were 

approximately four times higher for leachates from the 5 and 10 tonnes/ha plots.  This observation 

indicates that additional phosphorus was liberated, as was observed for nitrogen, by mineralisation of 

the LAB during the warmer spring months. 

 

Chart  39 Total phosphorus concentrations of lysimeter leachates 
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Similar curves were observed for concentrations of soluble phosphorus in the lysimeter leachates, as 

shown in Chart 40, although the values were only approximately 50% of the total concentrations.  

This was also observed in the laboratory leaching column experiment (Chart 12).  Leachates from soil 

treated with LAB contain both SRP and less environmentally significant organic forms. 
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Both the laboratory column experiment and results from the lysimeters from the field trial demonstrate 

that relatively low concentrations of SRP will leach from soil treated with low to moderate rates of 

LAB.  To demonstrate that LAB is a suitable soil amendment and fertiliser for leaching sands in 

environmentally sensitive areas, concentrations of phosphorus in leachates must be kept at very low 

levels, typically less than 0.05 to 0.01 mg/L.  These results demonstrate that LAB has potential to 

achieve this.  Concentrations of SRP in leachates from surface soil treated with LAB have been shown 

to be relatively low, especially in winter when leaching rates are high.  It is anticipated that vegetation 

will also be able to take up much of this bio-available phosphorus, especially in spring and summer 

when the requirements of plants with well developed root systems are matched by the supply of 

phosphorus provided by increasing rates of mineralisation of LAB.  There was very little vegetation 

growing at the site to assist with the uptake of phosphorus during the trial. 

 

Chart  40 Soluble Reactive Phosphorus concentrations of lysimeter leachates 
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6. CONCLUSIONS 

6.1 COMPARISON OF CHEMICAL PROPERTIES OF LAB  WITH 

CONVENTIONAL BIOSOLIDS  

By comparison with biosolids from the Beenyup and Woodman Point WWTPs, sandy soils amended 

with LAB at comparable rates: 

 are significantly more alkaline.  At application rate of 16 tonnes/ha or higher, all of the soilôs 

acidity has been neutralised and the resulting pH can be expected to stabilise at values of 8.5.  

Most of the hydroxide alkalinity present in LAB will be neutralised by carbon dioxide in the 

soil environment, forming calcium carbonate which has the ability to buffer pH values at these 

levels. 

 have higher phosphate adsorption capacities, as measured by the PRI soil test.  At application 

rates below the amount require to neutralise the natural acidity of the soil, PRI values decrease 

due to the presence of soluble forms of phosphorus being adsorbed by the small amount of 

reactive iron and aluminium minerals present in the soil.  Once the soilôs acidity has been 

neutralised, PRI values increase in response to increasing amounts of calcium carbonate 

provided by the LAB.  Calcium carbonate has a moderately high adsorption capacity for 

phosphorus, especially in when present in a finely divided form. 

 contain significantly lower concentration of bio-available phosphorus, as indicated by the 

Colwell and Mehlich-3 soil tests and lower concentrations of phosphorus in water leachates. 

 contain significantly higher concentrations of extractable calcium and magnesium.  This 

results in increased concentrations of these elements in leachates, but this has no 

environmental significance. 

 contain lower concentrations of total nitrogen, very little of which is present in the ammonium 

form when compared to conventional biosolids.  Leachates from soil treated with LAB will 

contain significantly lower concentrations of both ammonium and nitrate forms of nitrogen.   

 contain comparable amounts of sulphur and potassium.  Soil treated with LAB, even at very 

high application rates, are likely to require supplementary potassium in the form of fertilisers. 

 contain significantly lower amounts of extractable copper and zinc. However at high 

application rates of LAB, this copper is present in a more soluble form, as indicated by 

increased concentrations of copper in the leachate. 

 

Soil treated with LAB, or either of the two conventional bisolids, can be expected to contain low 

concentrations of bio-available of boron and manganese.  Plants with a high requirement for these 

elements may require supplementation by chemical fertiliser when grown on Bassendean sands (or 

similar infertile sands) amended with these materials. 

 

From an agronomic perspective, application rates of LAB on acid grey sands will be limited by 

alkalinity, depending on the crop species.  Based on the results of the laboratory trial, application rates 

for crops preferring acid or neutral soils for optimal nutrition or disease control should be limited to 

less than 16 tonnes/ha.  In reality, higher rates may be used without detriment because of the coarse 

nature of the product, which will restrict the rate of neutralising of acidity throughout the soil profile. 

 

Restrictions on the maximum rate of LAB application before inducing nutrient toxicity will be 

controlled by either phosphorus or copper.  Extremely high rates will need to be applied before the 

possibility of nutrient toxicity based on the measured soil test values obtained for soil : LAB blends in 

the laboratory trail. 
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6.2 ENVIRONMENTAL IMPLICATIONS  

Although LAB contains measurable amounts of various heavy metals, the concentrations are generally 

very low and the metals are present in forms with very low solubility in water or low bio-availability 

as reflected by the Mehlich-3 soil test. 

 

With the possible exception of chromium, application of LAB at a rate of 64 tonnes/ha resulted in an 

amended soil with metal concentrations well below EIL values.  Further work may be required to 

clarify the situation with chromium.  It is possible that a large proportion of chromium measured in 

soil : LAB blends in the laboratory study was either naturally present in the native soil or introduced 

into the samples by the sample preparation procedure.  It is recommended that the EIL values for 

chromium in WA soils require further evaluation.  Some WA soil types contain naturally elevated 

concentrations of chromium as a result of thousands of years of weathering and leaching.  Weathering 

processes tend to concentrate the more recalcitrant minerals such as chromite and chromium spinels, 

which are often present in mafic and ultramafic intrusions that form the substrate for development of 

various soil types throughout the southwest of WA. 

 

Leachate from sandy soil amended with rates of up to 64 tonne/ha is expected to be of high quality.  

Leachate from sand treated with 32 tonnes of LAB per hectare complied with Australian Drinking 

Water Guidelines for all metals.  Application of LAB to farmland is highly unlikely to have any 

negative impact on groundwater quality for human or livestock consumption. 

 

Leachate quality from soil treated with LAB was of reasonable quality when compared with 

recommended Trigger Values for protection of freshwater ecosystem.  Concentrations of most 

elements were either below or slightly higher than the recommended value for protection of 95% of 

species.  The element present in the highest concentration relative to the Trigger Values was copper.  

Leachate from soil treated with 32 tonnes/ha of LAB in the laboratory trial had a concentration of 0.49 

mg/L compared with 0.0014 mg/L Trigger Value.  The large difference does not necessarily imply that 

it will present a negative impact to freshwater ecosystems as it does not take into consideration update 

of copper by plants, attention by the subsoil or nature of the receiving environment.  It does, however, 

indicate that additional monitoring and/or research will be required before application of LAB can be 

considered in freshwater ecosystems with high ecological value. 

 

6.3 RECOMMENDATIONS FOR FURTHER WORK  

Results from the laboratory column leaching trial, supported by results for leachate quality in 

lysimeters beneath Bassendean sands treated with LAB under field conditions, indicate that 

application of LAB at moderate application rates can provide significant improvements in soil quality 

and provide a leachate that will not provide a negative impact to groundwater resources in an 

agricultural situation.  Maximum application rates are likely to be limited by the alkalinity of the 

material.   

 

LAB is moderately well balanced in terms of nutrient supply, although the nutrients most likely to be 

limiting at low to moderate application rates are potassium, nitrogen manganese and boron.  Any non-

leguminous farming system involving LAB is likely to require regular inputs of nitrogen to meet the 

requirements of the plant during periods of cool temperatures and high rainfall. 

 

There is potential for improving the nutrient balance of LAB by blending with other materials that are 

either wastes from other processes or can be provided in large quantities at very low cost.  These 

include: 

 Fly ash, a by-product from combustion of coal. 
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 Granite quarry dust. 

 Basalt quarry dust. 

 Lateritic clays. 

 

Fly ash is a potentially attractive blending agent for LAB.  Fly ash from Collie power stations is 

slightly acidic and so has some capacity to neutralise the excess alkalinity of LAB.  On its own, fly 

ash is a difficult product to handle due to its fine texture and pozzalanic properties.  Preliminary work 

has shown that a blend of fly ash and LAB provides a product that has suitable physical properties for 

use as a soil amendment material.  Fly ash also contains moderate concentrations of potassium, boron 

and manganese, which are lacking in LAB.  It does contain slightly elevated concentrations of certain 

heavy metals, but the blend with LAB will enable it to comply with current guidelines for application 

to land.  Furthermore, the alkalinity of LAB will reduce the potential bio-availability of these metals. 

 

Quarry dusts also contain significant concentrations of potassium and minor nutrients.  Heavy metal 

concentrations are generally very low and, when present, in forms of extremely low solubility. 

 

Water Corporation is considering additional research to investigate the agronomic effectiveness and 

environmental impact of blends of LAB with these materials as amendments for acidic sandy soils on 

the Swan Coastal Plain. 
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Figure 1: Site Location 
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LABORATORY REPORTS FOR THE LYSIMETER LEACHATES 

FROM THE DELLA ROAD FIELD TRIAL  
 

 



 

 

APPENDIX 4:  

BULLSBROOK FIELD TRIAL SITE LAYOUT DESIGN 
 

 
 


