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Commissioned by Mr. Bernie Neufeld of AquaFirst Technologies Inc., the Camosun College Environmental 

Technology ENVR 208 SUSTAINABILITY PROJECT researchers conducted a scientific study and statistical analysis 

of Lassenite for its potential to remediate heavy metals and phosphates. The objectives of this study 

encompassed the understanding of how phosphate and copper contribute to water contamination and the 

prospect of Lassenite acting as a natural remediator. The main objective was to answer the question, “Can 

Lassenite remove copper or phosphate from solution?” The first objective was to determine the physical and 

chemical properties of Lassenite. The second objective was to employ standard methodology to study the 

potential remediative properties of Lassenite by introducing it to known solutions of copper and phosphate. The 

third objective was to quantify the results using statistical analysis. The fourth objective was to present the study 

and results to Mr. Bernie Neufeld of AquaFirst Technologies Inc. 
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EXECUTIVE SUMMARY 
Unique and innovative methods and materials are being considered to assist or improve conventional 

methods of conservation and remediation of contaminated water sources. Lassenite, a crystalline, porous 

aluminosilicate known as a pozzolan, has scientifically established water retention and cementing 

properties and is being used for a variety of restorative purposes, yet little scientific research is available 

on its beneficial remediative potential. Research conducted for this report was designed to examine 

whether Lassenite, on its own, has the ability to remove phosphate and copper from solution and is 

intended to encourage further research into remediative possibilities. This study incorporates known 

heavy metal and phosphate solutions for laboratory testing for the remediative capacity of pure, medium 

grade Lassenite. The intention of this research is to quantify and statistically analyze the data. 

Multiple scans and tests were initially performed to determine the elemental composition and ion 

exchange capacity of Lassenite. Experiments were performed to determine if Lassenite can remediate 

phosphate and copper out of solution. Statistical analyses (e.g. one-way ANOVA) were conducted to 

determine the significance of the results. Lassenite successfully removed most phosphate from solution, 

yet only moderately removed copper out of solution. 

Lassenite may be a potential natural remediating substance for removing phosphate and heavy metals 

from aqueous environments. Further studies should be conducted, to assess the remediative capacity of 

Lassenite in conditions of differing acidities by using buffered solutions. Explorations into the ability of 

Lassenite to remediate hydrocarbons should be conducted. Limitations of the report include the 

precipitation of copper out of solution at pH 5.5 and higher, the pH sensitivity of Lassenite and the 

incomparability of non-homogenous pH solutions. 
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INTRODUCTION 
Water contamination from heavy metals and phosphates is a growing worldwide problem and the Capital Regional 

District (CRD) is no exception. The ability of the natural material, Lassenite to remediate contaminants from water 

is the subject of this report and related experiments. Natural systems and products are attractive for water 

remediation when proven to be residentially and commercially effective and affordable. Research conducted for 

this report was designed to examine whether Lassenite, on its own, has the ability to remove phosphate and 

copper from solution and is intended to encourage further research into remediative possibilities and capacity. The 

results of this study and future research may contribute to the use of Lassenite as an element of natural 

remediation approaches in the prospective design, execution and management of community systems.  

BACKGROUND 
Mr. Bernie Neufeld of AquaFirst Technologies Inc. presented Camosun College with a proposition to investigate 

Lassenite for its purported remediative properties. A Collaborative Research Agreement, presented in Appendix 1, 

was drafted and ratified between Mr. Neufeld and the members of the Clean Water Team, to be known herein as 

the researchers. Lassenite is a mineral called pozzolan, mined from a deposit in California. It was formed when Mt. 

Lassen erupted 26,000,000 years ago filling a diatomaceous filled fresh water lake with compacted and solidified 

volcanic ash. Structurally, the diatomic remains are amorphous silicon dioxide (glass). Lassenite is a pozzolan, a 

crystalline, porous aluminosilicate and thus its composition includes aluminum, silicon, and oxygen. Lassenite is 

relatively unique, as most Pozzolan deposits throughout the world are contaminated with heavy metals from the 

volcano or salts from the ocean (AquaFirst Technologies Inc.). Lassenite is used as an adsorbing amendment to 

landscaping soils due to its water retention properties (Thomas, 1998) and has been utilized as an innovative water 

conservation method in the non-turf landscaping around the Pacific Institute for Sports Excellence at the 

Interurban Campus of Camosun College. The bonding properties and large surface area of the crystalline structure 

of Lassenite has led to its use in the remediation of hydrocarbons in patent-pending products produced by Petro 

Barrier Systems Inc. (Petro Barrier Systems Inc.). It has also been used in drilling mud remediation in Alberta using 

MUD-loc based on case studies by Western Site Technologies Inc. (Western Site Technologies Inc., 2009). The 

National Center for Environmental Research at the US Environmental Protection Agency did an experimental study 

on the use of Pozzolans in the processes of stabilization and solidification of hazardous wastes such as Low-Level 

Radioactive Fluid, Solidified Arsenic Waste and Lead with successful results (US Environmental Protection Agency). 

Though Lassenite and pozzolans are being used for a variety of remediation uses, little research is available due to 

the proprietary interests with patent-pending products and the potential for financial and corporate growth in the 

growing sustainable remediation industry. The potential properties for remediation, beyond the proven water 

retention properties of Lassenite and other pozzolans, have vast implications for clean water initiatives worldwide.  

All natural materials are either positively or negatively charged; cations or anions. The degree to which a material 
can exchange ions is the cation exchange capacity (CEC) or anion exchange capacity (AEC). Natural materials with a 
high CEC or AEC have a greater ability to retain cations or anions respectively. The CEC/AEC, measured in 
milliequivalents meq/100 g, indicates the capacity of a natural material to retain or release substances such as 
contaminant. 
 
Contaminants such as heavy metals are commonly found in water and are potentially hazardous to human health 

and the environment. There is a direct correlation between pH and the solubility of heavy metals. Heavy metals 

each have a specific solubility product constant (Ksp) which predicts the range in which they remain soluble or 

precipitate out of solution. The reaction quotient (Qsp) can be calculated for a specific metal in solution at a 
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particular pH. A precipitate forms when the solubility equilibrium shifts backwards, this happens when the Qsp > 

Ksp. For example, at pH levels greater than 5, copper begins to precipitate out of solution. More specifically, copper 

solubility reduces to less than 20 mg/L at pH 6 and by pH 7; copper solubility is under 3 mg/L (Hoffland 

Environmental Inc., 2006). 

RATIONALE 
Given the background understanding of contaminants and the need for a natural alternative for remediation, 

Lassenite may possess the remediative capabilities currently in demand. The need for water remediation is great 

due to increasing concerns of water contamination. Steams and water supplies are subject to contamination from 

waste relating to the manufacturing demands of continually advancing technologies associated with consumption 

and consumerism. This issue is further compounded by increases in population worldwide.  

It is important to address clean water issues on a local level. Health risks are continually and increasingly presented 

in local streams and water bodies due to surface runoff and contaminated stormwater in the CRD. The CRD’s 2007 

Core Area Stormwater Quality Annual Report lists 69% of the stormwater discharges evaluated as being “moderate 

to high level of environmental concern.” Of the 32 discharges monitored for pollution including metals, 22 were 

recommended for action to determine the sources of contamination. Of these, 11 received a high contaminant 

rating and 10 received a moderate rating. Upstream investigations were conducted in the areas of 38 stormwater 

discharges to determine and eliminate the sources of chemical (and biological) impurities. While at 17 discharge 

sites the possible location of the contaminant source has been defined, in only one case has the source been 

determined and eliminated. At 11 sites no sources have been located and levels remain high (CRD, 2008). Greater 

Victoria, like many cities around the world, requires solutions to manage the problem of unhealthy water. 

Phosphate and copper are common contaminants needing to be addressed due to negative effects in aquatic 

environments and municipal water supplies. It is commonly known that phosphates create havoc in the 

environment. Sources of phosphate contamination include detergents, phosphate-rich agricultural run-off and 

pollution from septic systems. Excessive nutrient input by phosphate is known to be one of the main causes of 

eutrophication. Eutrophication results in large fluctuations in lake water quality potentially causing anoxic 

conditions, toxic algal blooms, a decrease in diversity, and can lead to food supply and habitat destruction (Wilkes 

Universty, 2010). Heavy metals such as copper, come from a variety of sources both natural (decaying vegetation 

and forest fires) and human related (acid mine drainage and the combustion of hydrocarbons being major 

contributors). Most copper compounds will settle and be bound to either water sediment or soil particles. In its 

soluble form copper is a great threat to human health, we eat drink and breathe it (LENNTECH , 2009). In the 

environment copper strongly attaches to organic matter and minerals that are in the soil; in water copper is 

suspended on sludge particles or is suspended as a free ion. Copper does not break down in the environment and 

as a result it bioaccumulates in plants and animals including humans (LENNTECH , 2009).  

The focus of our project is to address the growing global quandary regarding clean water availability by addressing 

quality rather than quantity. Specifically, the project strives to quantify the ability of Lassenite to remove 

phosphate and copper from solution. While nations search for new water reserves and communities formulate 

plans to reduce liquid waste, effective techniques of restoring water to a clean and environmentally healthy state 

are becoming essential. Lassenite may provide an efficient, cost-effective and natural option for removing 

phosphate and copper from water. 
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OBJECTIVES 
The objectives of this study encompassed the understanding of how phosphate and copper contribute to water 

contamination and the prospect of Lassenite acting as a natural remediator. The main objective was to answer the 

question, “Can Lassenite remove copper or phosphate from solution?” The first objective was to determine the 

physical and chemical properties of Lassenite. The second objective was to employ standard methodology to study 

the potential remediative properties of Lassenite by introducing it to known solutions of copper and phosphate. 

The third objective was to quantify the results using statistical analysis, to reject or not reject our null hypotheses.  

Ho: There is no significant difference between absorption values of copper in solution for the control and 

the treatments of Lassenite and clay.  

Ho: There is no significant difference between absorption values of phosphate in solution for the control 

and the treatments of Lassenite and clay.  

The fourth objective was to present the study and results to Mr. Bernie Neufeld of AquaFirst Technologies Inc. 

METHODOLOGY 

MATERIALS 

Fine grade Lassenite was obtained from Mr. Bernie Neufeld of AquaFirst Technologies Inc while clay, a product 

sold as “Magic Mud,” was purchased from American Art Clay Co., Inc. As per the Materials Safety Data Sheet 

(MSDS) there are no reportable quantities of hazardous ingredients or toxic chemicals present. The product is 

composed of water, silica, Nepheline Syenite, talc and Kaolin and contains crystalline silica, (NTP carcinogen) 

(Appendix 2). 

 

Both the phosphate and copper experimental procedure utilized Lassenite and clay that was baked at 110°C until 

they were completely de-watered and sieved to a particle size less than 0.05 mm. All chemicals were analytical 

grade reagents supplied by the Camosun College Chemistry Department. Pyrex glassware was used for all 

experimental procedures. The glassware used in the phosphate procedures was acid washed with 6M sulfuric acid 

and rinsed with distilled water to reduce any possible phosphate contamination. The copper procedure called for 

acetone washed glassware and deionised water. 

EXTERNAL TESTS AND ANALYSIS 

Scanning Electron Microscopy (SEM) was performed on the Lassenite by Brent Gowen of the Electron Microscopy 

Laboratory, University of Victoria (UVIC), using a Hitachi S-3500N Scanning Electron Microscope to obtain 

Backscattered Electron Images and percent composition. MB labs were commissioned to perform a Cation 

Exchange Capacity (CEC), to confirm our in house CEC results and pH dependency, and an Anion Exchange Capacity 

(AEC) on both the clay and the Lassenite; a full metal analysis was performed on the Lassenite only. 

COPPER METHOD 

A 1000 ppm parent solution of Cu (NO3) 2  2.5 H2O was made using 0.9308 g of solute in dH2O in a 250 mL 

volumetric flask and then diluted down to a series of pre-determined ppm solutions (1, 2, 2.5 and 4). A standard 

curve of measured absorbance was constructed from the solution series. The 2.5 ppm copper solution was chosen 
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for the copper analysis because at higher ppm, Lassenite absorptions were not detectable. From the 2.5 ppm Cu 

salt solution, three concentrations at pH 3, 5 and 7 were created in 1 L volumetric flasks and adjusted for pH using 

low molar HCl (0.01 M and 0.2 M) and NaOH (0.01 M and 0.1 M) solutions. A standard pH meter was used for the 

pH calibration process in order to maintain a high level of accuracy when establishing solution pHs. Each of the 

three pH-calibrated solutions was used to make a total of 90 replicates (30 mL copper solution /50 mL dH2O) in 100 

mL Erlenmeyer. To each sample replicate was added 1 g of Lassenite, 1 g of clay or neither (blanks). A magnetic stir 

bead was placed into each of the 100 mL Erlenmeyer flasks, capped with parafilm, placed on stir-plates, agitated 

overnight and then filtered with Whatman ash-less, acid-washed filter paper, size 42 into 50 mL volumetric flasks. 

Lassenite and Clay residue was disposed of whilst all the filtrates, including the blanks were measured for 

absorbance using an atomic absorbance spectrophotometer set at 324.7 +/- 0.001 nm.  

PHOSPHATE METHOD 

Standard Methodology for the phosphorus experimental procedure was adapted from the 4500-P C. 

Vanadomolybdophosphoric Acid Colorimetric Method as proposed by the Standard Methods for the Examination 

of Water and Wastewater (Mary Ann H. Franson, 1989). The vanadate-molybdate and 40.5 ppm phosphate 

reagent were prepared and supplied by the Camosun College Chemistry Department. The phosphate reagent had a 

pH less than 10 and therefore did not need to be adjusted. The samples, including five treatments of 2.5 g of 

Lassenite and clay and a total of two controls (no-treatment) were each placed into a 250 mL Erlenmeyer flask. 

Into each of the treatment flasks was pipetted 25 mL of the 2.5 ppm phosphate reagent. The flasks were then 

capped with parafilm and agitated on stir-plates for 24 hrs. The treatment solutions were then filtered through 

acid-washed filter-paper to remove the Lassenite and clay from solution. In a 100 mL volumetric flask 10 mL of 

each filtered treatment solution was added to 10 mL of the vanadate-molybdate reagent and diluted with distilled 

water to the mark; this procedure was repeated substituting each of the standard (0.25 ppm, 0.50 ppm, and 1.00 

ppm) for the treatment. The samples were allowed to sit for a short time (10 min or more) to allow for the 

formation of yellow vanadomolybdophorphoric acid. The absorbencies of samples versus a blank were then 

measured at a wavelength of 400 nm, using both a 1 cm and 4 cm cuvette. Suitable standards were determined 

and prepared as previously described; a calibration curve was created by plotting the series of standard solutions 

for various wavelengths.  

COPPER AND PHOSPHATE STATISTICAL ANALYSIS 

Minitab 16 software was used to perform the statistical analyses on the sample absorbance data for both copper 

and phosphate. Only pH 3 data was analyzed in Minitab as it was the only data that was not affected by copper 

solubility changes. Unless otherwise noted, all statistical tests were applied to both the copper and the phosphate 

data sets. 

Test for Normality – Ho: the absorbance data follow a specific (normal) distribution  

A test of normality was performed using the standardized residuals. The output from this test determined if the 

data set was parametric or non-parametric, by either accepting or rejecting the assumptions of normality using the 

p-values.  

Test for Homogeneity of Variance (i.e. Levine’s test) – Ho: all variances are equal 

A test for homogeneity was performed using the test for equal variance for standard residuals of the square root 

data. The output for Levene’s test p-value was used to accept or reject homogeneity.  
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Data Transformation – to apply a function to make the data approximately normal 

The copper data did not meet the one-way ANOVA assumptions; therefore, a square root transformation was 

necessary. A test of normality was then performed using the standardized residuals of the transformed data. The 

output for the Levine’s Test p-value was used to accept or reject homogeneity. 

One-Way ANOVA ς Ho: the means of two or more populations (treatments) are equal 

Parametric data was run through a One Way ANOVA, the output was used to accept or reject the null hypotheses 

that there is no significant difference between the means of all absorbance data for the phosphate experiment. 

The statistical output data utilized will include; the r
2 

value explaining the percentage of variance of the 

absorbance values, the confidence intervals indicating a linear or non-linear relationship between the data-sets. A 

one-way ANOVA was also used to designate the pair-wise relationships between Lassenite, clay and the control 

and the main effects plot illustrates the mean response between treatments. 

RESULTS 

EXTERNAL TESTS AND ANALYSIS 

The scanning electron microscope (SEM) digital images of fine grade Lassenite at magnifications 250 to 2.5 k are 

presented in Appendix 3. The SEM digital image of coarse grade Lassenite at magnification 1.2 k is presented in 

Figure 1. A representative SEM digital image of fine grade Lassenite at magnification 2.5 k is presented in Figure 2. 

These images display a highly porous amalgamation consisting largely of diatomaceous remains and volcanic ash 

with a lesser composition of organics and non-organics. 

 

FIGURE 1 SCANNING ELECTRON MICROSCOPE DIGITAL IMAGE OF COARSE GRADE LASSENITE AT MAGNIFICATION 1.2 K 
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FIGURE 2 SCANNING ELECTRON MICROSCOPE DIGITAL IMAGE OF FINE GRADE LASSENITE AT MAGNIFICATION 2.5 K 

 

Backscattered electron (BSE) digital images of fine grade Lassenite display the presence of individual elements as 

bright sections in the image. The backscattered electron digital image for silicon is presented in Figure 3, and 

represents a large presence of silicon in this particular image. The consistent and complete presence of silicon in 

this sample can infer this is representative of the silicon presence in Lassenite. The backscattered electron digital 

image for iron is presented in Figure 4, and represents a small presence of iron in this particular image. The small 

isolated presence of iron in this section can infer that this is representative of the iron presence in Lassenite. 

 

FIGURE 3 BACKSCATTERED ELECTRON MICROSCOPE DIGITAL IMAGE OF SILICON INFINE GRADE LASSENITE 
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FIGURE 4 BACKSCATTERED ELECTRON MICROSCOPE DIGITAL IMAGE OF IRON IN FINE GRADE LASSENITE 

 

The energy dispersive X-ray spectroscopy (EDS) graphic output of the elemental composition of Lassenite is 

presented in Figure 5. The graph is a visual display of the presence of individual main elements, with the peak 

intensity reduced to minimize the noise of the trace elements. The intensity of the peaks is representative of the 

energy emitted by each element, not of the quantity or composition ratio of each element. The main elements 

present in the Lassenite sample are oxygen, sodium, aluminum, silicon, sulfur, potassium, calcium, titanium and 

iron. 

 

 

FIGURE 5 ENERGY DISPERSIVE X-RAY SPECTROSCOPY GRAPHIC OUTPUT OF THE ELEMENTAL COMPOSITION OF LASSENITE 
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The complete set of scanning electron microscope (SEM) elemental analysis results of Lassenite are presented in 

Appendix 4. The individual results were obtained from a single scan at discrete locations on the sample. A 

representative set of scanning electron microscope (SEM) elemental analysis results of Lassenite is presented in 

Figure 6. The percent composition of elements consistently showed over 20 % silica and between 60 % and 70 % 

oxygen confirming the visual interpretation of a large amount of silica, more precisely hydrated silica dioxide. The 

remaining 10 % composition of Lassenite is shown to be composed of the trace elements iron, aluminum, and 

potassium to name a few. 

SEMQuant result s. Listed at 11:12:21 PM on 5/13/2010  

Operator: B Gowen  

Client: Camosun  

Job: Job number 23 Camosun  

Spectrum label: Spectrum  6  

 

Elmt   Spect.  Inten.   Std   Element  Sigma   Atomic  

        Type   Corrn.  Corrn.    %       %       %     

O  K     ED    0.9 97    0.71   28.41    0.16   69.77   

Na K     ED    0.789    0.91    0.26    0.03    0.44   

Al K     ED    0.854    0.96    2.92    0.03    4.25   

Si K     ED    0.863    1.03   16.26    0.06   22.75   

S  K     ED    0.750    1.02    0.13    0.02    0.16   

K  K     ED    0.982    1.01    0.50    0.02    0.50   

Ca K     ED    0.949    1.01    0.33    0.02    0.32   

Ti K     ED    0.824    1.02    0.22    0.02    0.18   

Fe K     ED    0.838    1.02    2.30    0.06    1.62   

Total                          51.3 3          100.00   

FIGURE 6 SCANNING ELECTRON MICROSCOPE ELEMENTAL ANALYSIS OF LASSENITE 

 

Two cation exchange capacity (CEC) analyses were performed by MB labs on both Lassenite and clay to determine 

their CEC value, with the detailed results presented in Appendix 5. The final CEC analysis used a buffered solution 

taking into consideration pH dependency while the initial CEC analysis did not consider pH dependency. The results 

varied greatly, the non-buffered CEC and AEC values were 125 meq/100 g and 13.3 meq/100 g respectively for 

Lassenite, and 68.7 meq/100 g and 5.14 meq/100 g for clay while the buffered CEC values were significantly 

reduced to 11.2 meq/100 g and 9.20 meq/100 g for Lassenite and clay. The results indicate a high variability in the 

CEC and AEC in both Lassenite and clay. The available sites for cations or anions to bond with either Lassenite or 

clay appear to depend on the pH of the environment. 

The full elemental and oxide analysis performed on the Lassenite, showing element and oxide percent 

composition, is presented in Table 1, transcribe from the official results presented in Appendix 6. The results 

confirmed the major contributors are SiO2 (~60 %), Al2O3 (~17 %), Fe2O3 (~4 %) and other trace oxides and metals. 
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TABLE 1 ELEMENTAL AND OXIDE ANALYSIS OF LASSENITE 

Elemental and oxide analysis of Lassenite 

 Main Elements 

  

Trace Elements 

Element % Element µg/g 

Silicon Si 27.400 Antimony Sb 0.100 

Aluminum Al 6.760 Arsenic As 22.800 

Iron Fe 2.630 Barium Ba 200.000 

Calcium Ca 0.621 Beryllium Be 0.030 

Magnesium Mg 0.454 Boron B 0.100 

Titanium Ti 0.236 Cadmium Cd 0.010 

Sodium Na 0.117 Chromium Cr 65.000 

Total 38.218 Cobalt Co 0.100 

  

Copper Cu 172.000 

Gold Au 0.500 

Components as Oxides Lanthanum La 0.100 

Oxides % Lead Pb 376.000 

Aluminum Oxide Al2O3 17.100 Manganese Mn 627.000 

Calcium Oxide CaO 0.875 Molybdenum Mo 85.600 

Iron Oxide Fe2O3 3.930 Nickel Ni 0.100 

Magnesium Oxide MgO 0.757 Phosphorus Pb 282.000 

Silicon Dioxide SiO2 62.700 Potassium K 0.100 

Limited Oxygen Index LOI 4.500 Scandium Sc 0.100 

Moisture H2O 1.000 Silver Ag 0.100 

Oxides Other 1.500 Strontium Sr 167.000 

Total 92.362 Tungsten W 76.300 

  

Vanadium V 90.100 

Zinc Zn 130.000 

Total 2295.140 

 

 

COPPER EXPERIMENT 

The absorbance values and concentration values for the copper experiment are presented in Table 2. The 

absorbance values for copper in solution at pH 3, 5 and 7 for control and treatment of Lassenite and clay were 

measured using an atomic absorbance (AA) spectrophotometer set at 324.7 +/- 0.001 nm. The concentration 

values for copper in solution at pH 3 for control and treatment of Lassenite and clay were calculated with the 

formula (y = 0.0954 * X - 0.021) obtained from the standard curve. 
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TABLE 2 ABSORBANCE VALUES AT PH 3, 5 AND 7 AND CONCENTRATION VALUES AT PH 3 FOR COPPER IN SOLUTION FOR CONTROL AND 

TREATMENT OF LASSENITE AND CLAY 

Absorbance values (nm) for copper in solution at pH 3, 5 and 7 for control and treatment of Lassenite and clay measured at 
324.7 +/- 0.001 nm with concentration values (ppm) for copper in solution for pH3 for control and treatment of Lassenite and 
clay calculated by (y = 0.0954 * X - 0.021) from standard curve. 

pH 3 pH 5 pH 7 
Control 

Absorbance 
(nm) 

Control 
Concentration 

(ppm) 

Lassenite 
Absorbance 

(nm) 

Lassenite 
Concentration 

(ppm) 

Clay 
Absorbance 

(nm) 

Clay 
Concentration 

(ppm) 

Control 
Absorbance 

(nm) 

Lassenite 
Absorbance 

(nm) 

Clay 
Absorbance 

(nm) 

Control 
Absorbance 

(nm) 

Lassenite 
Absorbance 

(nm) 

Clay 
Absorbance 

(nm) 

0.252 2.862 0.104 1.310 0.004 0.262 0.145 0.026 0.008 0.038 0.035 0.007 

0.252 2.862 0.086 1.122 0.004 0.262 0.164 0.038 0.008 0.043 0.044 0.009 
0.253 2.872 0.099 1.258 0.003 0.252 0.150 0.049 0.007 0.051 0.033 0.004 

0.242 2.757 0.087 1.132 0.004 0.262 0.154 0.024 0.010 0.063 0.052 0.004 
0.250 2.841 0.098 1.247 0.004 0.262 0.156 0.029 0.004 * 0.044 0.005 

0.248 2.820 0.109 1.363 0.004 0.262 0.115 0.021 0.007 0.028 0.031 0.006 

0.251 2.851 0.098 1.247 0.006 0.283 0.139 0.046 0.004 0.035 0.035 0.004 
0.246 2.799 0.090 1.164 0.004 0.262 0.144 0.028 0.008 0.017 0.030 0.008 

0.249 2.830 0.095 1.216 0.005 0.273   0.039 0.008 0.032 0.032 0.004 
    0.099 1.258 0.004 0.262   0.046     0.041 0.005 

 

The absorbance values of copper in solution at pH 3, 5 and 7 for control and treatment of Lassenite and clay with 

error bars for standard deviations are presented in Figure 7. The control absorbance values decrease as pH 

increases, confirming our subsequent research that copper becomes insoluble at ~pH 5.5 and precipitating out at 

~pH 8.0. The standard deviation error bars indicate the variability in the data sets, and though the data sets for the 

controls show an increase in variability as pH increases, the data sets for Lassenite and clay at all pH levels show 

low variability from the mean or expected value. Due to the inconsistencies in the control data, additional analysis 

of the data was required. 

 

FIGURE 7 ABSORBANCE VALUES OF COPPER IN SOLUTION FOR CONTROL AND TREATMENT OF LASSENITE AND CLAY AT PH 3, 5 AND 7 WITH 

ERROR BARS FOR STANDARD DEVIATIONS 
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A standardization of data was performed using a ratio of the control means and applied to the data sets, presented 

in Figure 8. At pH 3, 5 and 7 Lassenite treated copper solutions display a decrease in copper absorbency by 61.3 %, 

76.3 % and 1.8 % respectively. At pH 3, 5 and 7 clay treated copper solutions display a decrease in copper 

absorbency by 98.3 %, 94.3 % and 85.4 % respectively. This indicates that clay treated copper solutions display a 

decrease in available copper best a pH 3 and that Lassenite treated copper solutions display a decrease in available 

copper best a pH 5. This also indicates that clay treated copper solutions display a higher decrease in available 

copper while Lassenite treated copper solutions display a lesser decrease in available copper. 

 

FIGURE 8 CONTROL RATIO STANDARDIZATION OF ABSORBANCE VALUE MEANS OF COPPER IN SOLUTION FOR CONTROL AND TREATMENT OF 

LASSENITE AND CLAY AT PH 3, 5 AND 7 

 

To further understand the variation in control data, we plotted the absorbance values of copper in the control 

solutions before and after the filtering process of the experiment, presented in Figure 9. The graph displays the 

large decrease in copper in solution after filtering as pH increased, as observed previously in Figure 7. This 

indicates that copper becomes insoluble as pH increases above pH 5, confirming our subsequent research that 

copper becomes insoluble at ~pH 5.5 and precipitating out at ~pH 8.0. The graph displays a previously unknown 

smaller decrease of copper in solution before filtering as pH increases. This indicates that the ability of the AA to 

obtain absorbance readings decreases as pH increases and copper enters the insoluble phase range. 
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FIGURE 9 CONTROL RATION STANDARDIZATION OF ABSORBANCE VALUE MEANS OF COPPER IN SOLUTION FOR CONTROL AND TREATMENT 

OF LASSENITE AND CLAY AT PH 3, 5 AND 7 

 

COPPER ANALYSIS AT PH3 

The statistical analysis of copper in solution at pH 3 for control and treatments of Lassenite and clay consisted of 

challenging the null hypothesis by applying a Square Root transform to the data, meeting the assumptions and 

performing a One Way ANOVA and interpreting a Main Effects Plot. 

Prior to transforming the data, a normality test (Figure 10) and an equal variance test (Figure 11) were performed 

to satisfy the assumptions for a One Way ANOVA. The standardized residuals of the absorbance data did not meet 

the null hypothesis assumption of normality (p-calculated of <0.005 < α = 0.05). The standardized residuals of the 

absorbance data did not meet the null hypothesis assumption of homogeneity based on Levene’s test (p-calculated 

of 0.008 < α = 0.05). Though the ANOVA is robust to normality, it is not robust to homogeneity. 

r² = 0.900

r² = 0.987

0.00

0.05

0.10

0.15

0.20

0.25

0.30

3 5 7

A
b

so
rb

an
ce

 a
t 

3
2

4
.7

 +
/-

0
.0

0
1

 n
m

 (
n

m
)

pH

Absorbance values of copper in control solutions before and after filtering at pH 
3, 5 and 7

Before

After



A Scientific Study of Lassenite 2010 
 

Camosun College - Environmental Technology Program 13 

 

3210-1-2-3

99

95

90

80

70

60

50

40

30

20

10

5

1

St andardized Residuals

P
e

rc
e

n
t

Mean -4.78951E-15

StDev 1.017

N 29

AD 1.362

P-Value <0.005

Nor malit y test  using standar dized r esiduals of  absor bance values of  copper  in solut ion af ter  t r eatment

 

FIGURE 10 NORMALITY TEST USING STANDARDIZED RESIDUALS OF THE ABSORBANCE VALUES OF COPPER IN SOLUTION AFTER TREATMENT 
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FIGURE 11 TEST FOR EQUAL VARIANCES USING STANDARDIZED RESIDUALS OF ABSORBANCE VALUES OF COPPER IN SOLUTION AFTER 

TREATMENTS 

 

A Square Root transform was performed on the absorbance data, and a normality test (Figure 12) and an equal 

variance test (Figure 13) were performed to satisfy the assumptions for a One Way ANOVA. The standardized 

residuals of the transformed absorbance data did not meet the null hypothesis assumption of normality (p-

calculated of 0.013 < α = 0.05). The standardized residuals of the transformed absorbance data met the null 

hypothesis assumption of homogeneity based on Levene’s test (p-calculated of 0.053 > α = 0.05). The ANOVA is 

robust to normality. 
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FIGURE 12 NORMALITY TEST USING STANDARDIZED RESIDUALS OF THE TRASFORMED ABSORBANCE VALUES OF COPPER IN SOLUTION AFTER 

TREATMENT 
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FIGURE 13 TEST FOR EQUAL VARIANCES USING STANDARDIZED RESIDUALS OF THE TRANSFORMED ABSORBANCE VALUES OF COPPER IN 

SOLUTION AFTER TREATMENT 

 

The MINITAB One Way ANOVA output is presented in Figure 14. The null hypothesis that there is no statistical 

significant difference between the means of the absorbance data for the copper experiment at pH 3 is rejected (p-

calculated of 0.000 < α = 0.05) The r
2
 value explains 99.82 % of the variance in absorbance values, indicating that 

the model fits the data extremely well. The 95 % confidence intervals for the means based on the pooled standard 

shows narrow confidence intervals for all treatments and the means for the three treatments are statistically 

different because the confidence intervals do not overlap indicating a non-linear relationship. 
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One-way ANOVA: Absorbance Square Root versus Treatment  
 
Source     DF         SS         MS        F      P  

Treatment   2  0.9053451  0.4526726  7167.00  0.000  

Error      26  0.0016422  0.0000632  

Total      28  0.9069873  

 

S = 0.007947   R - Sq = 99.82%   R - Sq(adj) = 99.81%  

 

 

                                 Individual 95% CIs For Mean Based on  

                                 Pooled StDev  

Level       N     Mean    StDev  ----- +--------- +--------- +--------- +----  

Clay       10  0.06457  0.00589  *)  

Control     9  0.49921  0.00351                                      (*  

Lassenite  10  0.31045  0.0 1170                      (*  

                                 ----- +--------- +--------- +--------- +----  

                                    0.12      0.24      0.36      0.48  

 

Pooled StDev = 0.00795  

FIGURE 14 ONE WAY ANOVA MINITAB OUTPUT FOR ABSORBANCE SQUARE ROOT VALUES VERSUS TREATMENT 

 

The Main Effects Plot of the transformed absorbance values presented in Figure 15 shows a significant difference 

in the mean response between the control and treatment of Lassenite and clay, further illustrating the means for 

the three treatments are statistically different because the non-linear relationship. The treatments had distinctly 

different affects on the absorbance values of copper in solution, Lassenite treatment (~ mean) displaying less of an 

affect than clay treatment (< mean) but more of an affect than the control (> mean). 
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FIGURE 15 MAIN EFFECTS PLOT OF TRANSFORMED ABSORBANCE VALUE MEANS OF COPPER IN SOLUTION BY TREATMENTS 
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The standard curve of absorbance and concentration values of copper in solution with absorbance values for 

control and treatment of Lassenite and clay are presented in Figure 16. The formula for conversion from 

absorbance to concentration is given as (y = 0.0954 * X - 0.021). The r
2
 value explains 100.0 % of the variance in 

absorbance values, indicating that the model fits the data extremely well. The clusters of data sets re-illustrate the 

narrow variability in data within data sets. 

 

FIGURE 16 STANDARD CURVE OF ABSORBANCE AND CONCENTRATION VALUES OF COPPER IN SOLUTION WITH ABSORBANCE VALUES FOR 

CONTROL AND TREATMENT OF LASSENITE AND CLAY 

 

The mean copper concentrations of the copper solutions for control and treatment with Lassenite and clay are 

plotted in Figure 17. The mean copper concentration of the control solution was 2.571 ppm. The mean copper 

concentration of the solution treated with clay was 0.264 ppm indicating an 89.7 % decrease in copper 

concentration of 2.307 ppm. The mean copper concentration of the solution treated with Lassenite was 1.232 ppm 

indicating a 52.1 % decrease in copper concentration of 1.340 ppm. 
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FIGURE 17 MEAN COPPER CONCENTRATIONS OF COPPER IN SOLUTION FOR CONTROL AND TREATMENT OF LASSENITE AND CLAY AT PH 3 

 

PHOSPHATE ANALYSIS 

The absorbance values and concentration values for the phosphate experiment are presented in Table 3. The 

absorbance values for phosphate in solution for control and treatment of Lassenite and clay were measured using 

a photospectrometer set at 400.0 +/- 0.001 nm. The concentration values for phosphate in solution control and 

treatment of Lassenite and clay were calculated with the formula (y = 0.4017 * X + 0.0642) obtained from the 

standard curve. 
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TABLE 3 ABSORBANCE AND CONCENTRATION VALUES FOR PHOSPHATE IN SOLUTION FOR CONTROL AND TREATMENT OF LASSENITE AND 

CLAY 

Absorbance values (nm) for phosphate in solution for control and treatment of Lassenite and clay measured at 400 +/- 0.001 
nm with concentration values (ppm) for phosphate in solution for control and treatment of Lassenite and lay calculated (y = 
0.4017 * X + 0.0642) from standard curve 

Treatment Absorbance (nm) Concentration (ppm) 
Concentration (ppm) adjusted with Reagent 

Blank 
Mean Concentration 

(ppm) 

Lassenite 1 0.140 0.189 0.189 

0.086 

Lassenite 2 0.153 0.221 0.221 

Lassenite 3 0.157 0.231 0.231 

Lassenite 4 0.200 0.338 0.338 

Lassenite 5 0.202 0.343 0.343 

Clay 1 0.274 0.522 0.522 

0.782 

Clay 2 0.434 0.921 0.921 

Clay 3 0.492 1.065 1.065 

Clay 4 0.511 1.112 1.112 

Clay 5 0.538 1.179 1.179 

Control 1 0.855 1.969 1.797 

1.794 Control 2 0.858 1.976 1.805 

Reagent Blank 0.140 0.189   

0.178 

Reagent Blank 0.134 0.174   

Reagent Blank 0.133 0.171   

 

The statistical analysis of phosphate in solution for control and treatments of Lassenite and clay consisted of 

challenging the null hypothesis by meeting the assumptions and performing a One Way ANOVA and interpreting a 

Main Effects Plot. A normality test (Figure 18) and an equal variance test (Figure 19) were performed to satisfy the 

assumptions for a One Way ANOVA. The standardized residuals of the absorbance data did not meet the null 

hypothesis assumption of normality (p-calculated of 0.045 < α = 0.05). The standardized residuals of the 

absorbance data met the null hypothesis assumption of homogeneity based on Levene’s test (p-calculated of 0.346 

> α = 0.05). The ANOVA is robust to normality. 
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FIGURE 18 NORMALITY TEST USING STANDARDIZED RESIDUALS OF ABSORBANCCE VALUES OF PHOSPHATE IN SOLUTION AFTER TREATMENT 
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FIGURE 19 TEST FOR EQUAL VARIANCES USING STANDARDIZED RESIDUALS OF THE ABSORBANCE VALUES OF PHOSPHATE IN SOLUTION 

AFTER TREATMENT 

 

The MINITAB One Way ANOVA output is presented in Figure 20. The null hypothesis that there is no statistical 

significant difference between the means of the absorbance data for the phosphate experiment is rejected (p-

calculated of 0.000 < α = 0.05). The r
2
 value explains 93.55 % of the variance in absorbance values, indicating that 

the model fits the data extremely well. The 95 % confidence intervals for the means based on the pooled standard 

shows narrow confidence intervals for all treatments and the means for the three treatments are statistically 

different because the confidence intervals do not overlap indicating a non-linear relationship. 

One-way ANOVA: Absorbance versus Treatment  
 
Source     DF       SS       MS      F      P  

Treatment   2  0.69275  0.34637  65.29  0.000  

Error       9  0.04775  0.00531  

Total      11  0.74050  

 

S = 0.07284   R - Sq = 93.55%   R - Sq(adj) = 92.12%  

 

 

                                Individual 95% CIs For Mean Based on  

                                Pooled StDev  

Level      N     Mean    StDev  ------ +--------- +--------- +--------- +---  

Clay       5  0.44980  0.10543             ( -- * -- )  

Control    2  0.85650  0.00212                            ( --- * ---- )  

Lassenite  5  0.1 7040  0.02864  ( -- * -- )  

                                ------ +--------- +--------- +--------- +---  

                                    0.25      0.50      0.75      1.00  

 

Pooled StDev = 0.07284  

FIGURE 20 ONE WAY ANOVA MINITAB OUTPUT FOR ABSORBANCE VALUES VERSUS TREATMENT 
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The Main Effects Plot of the absorbance values presented in Figure 21 shows a significant difference in the mean 

response between the control and treatment of Lassenite and clay, further illustrating the means for the three 

treatments are statistically different because the non-linear relationship. The treatments had distinctly different 

affects on the absorbance values of phosphate in solution, Lassenite treatment (< mean) displaying more of an 

affect than clay treatment (~ mean) and the control (> mean). 
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FIGURE 21 MAIN EFFECTS PLOT OF ABSORBANCE VALUE MEANS OF PHOSPHATE IN SOLUTION BY TREATMENTS 

 

The standard curve of absorbance and concentration values of phosphate in solution with absorbance values for 

control and treatment of Lassenite and clay are presented in Figure 22. The formula for conversion from 

absorbance to concentration is given as (y = 0.4017 * X + 0.0642). The r
2
 value explains 99.98 % of the variance in 

absorbance values, indicating that the model fits the data extremely well. The clusters of the data sets re-illustrate 

the narrow variability in the data within the data sets. 
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FIGURE 22 STANDARD CURVE OF ABSORBANCE AND CONCENTRATION VALUES OF PHOSPHATE IN SOLUTION WITH ABSORBANCE VALUES 

FOR CONTROL AND TREATMENT OF LASSENITE AND CLAY 

 

The mean phosphate concentrations of the phosphate solutions for control and treatment with Lassenite and clay 

are plotted in Figure 23. The mean phosphate concentration of the control solution was 1.969 ppm. The mean 

phosphate concentration of the solution treated with Clay was 0.960 ppm indicating a 51.2 % decrease in 

phosphate concentration of 1.009 ppm. The mean phosphate concentration of the solution treated with Lassenite 

was 0.264 ppm indicating an 86.6 % decrease in phosphate concentration of 1.705 ppm. 
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FIGURE 23 MEAN PHOSPHATE CONCENTRATIONS OF PHOSPHATE IN SOLUTION FOR CONTROL AND TREATMENT OF LASSENITE AND CLAY 

DISCUSSIONS 

LASSENITE 

In answering the first objective to determine the physical and chemical properties of Lassenite a better 

understanding of the chemical composition and structure was obtained. Literature on Lassenite consistently 

suggested that the composition was in large part diatoms and volcanic ash while being completely void of heavy 

metals and salts. The powerful analytical capabilities of electron microscopy helped to confirm these claims with a 

majority composition of siliceous diatomic material with only trace amount of heavy metals and little to no salts. 

The product Lassenite is baked resulting in a reddish colour; it was important to rule out the possible presence of 

copper in large enough quantities to be a contributing source of colour. Large amounts of any heavy metals would 

negate any heavy metal remediative capabilities that Lassenite was believed to have. Effects of heavy metals did 

not contribute to the ability of Lassenite to remove copper from solution, because significant amounts of heavy 

metals were not present.  

The lower CEC and higher AEC values explain the affinity of Lassenite for ions (cations or anions). Lassenite has a 

greater affinity for anions, as demonstrated by the ability to remove phosphate from solution. Conversely, the 

affinity of Lassenite for cations is low, demonstrated by the comparatively low ability to remove copper from 

solution. Given the greater CEC value of other natural materials including, but not limited to clay, Lassenite does 

not pose a viable remediative alternative for copper. However, Lassenite demonstrated a superior capacity to 
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remove phosphate from solution, exhibiting viability as a remediative tool in conjunction with bioswales and/or 

other designs.  

Preliminary test results suggested that Lassenite may be pH dependent and external data confirmed this fact. The 

initial, unbuffered CEC value for Lassenite was found by MB Labs to be 120 meq/100 g yet, from a buffered 

solution the CEC was found to be 9 meq/100 g. This is a large change in values and therefore means that Lassenite 

is very sensitive to changes in pH. At lower pH (acidic conditions) Lassenite has a much lower CEC value that means 

that fewer sites are available for cation exchange. At higher pH (approximately 7) the Lassenite CEC value is 

inflated resulting in a higher number of available sites for cation exchange. A range of differing pHs is found within 

the environment thus affecting the affinity of Lassenite for ions, and therefore the ability to remediate. 

COPPER ANALYSIS 

Standard methodology was employed in the experimental design to quantify the remediative properties of 

Lassenite, thereby meeting our second objective. The results of the copper experiment showed a significant 

reduction in copper concentration in solution when treated with Lassenite. Lassenite effectively removed 

approximately 75 % soluble copper out of solution over a 24-hr time period. Although the amount of copper 

removed by Lassenite appeared significant, when compared to that removed by clay, a less expensive, commonly 

available substance, Lassenite was less viable. Due to the underlying issue of copper solubility from pH 5.5 and 

onwards, the data from the pH of 5 and pH 7 cannot be used. The data shows substantial discrepancies between 

the three pH data sets due to the unforeseen variables causing copper to precipitate out of solution over time 

(Table 2). The added variability due to the pH dependency of Lassenite, limits the environments in which Lassenite 

can be effectively used to remediate copper to those that are under pH 5.5. Acidic conditions in which Lassenite 

would effectively remediate copper include acid mine drainage, tailing ponds, and wastes generated by industrial 

activities. 

The issue of pH dependency of copper was further complicated by the knowledge that exposure to carbon dioxide 

resulted in a bi-carbonate-like interaction with the solution and a change in pH due to the use of non-buffered 

solutions (Hamilton, 2010). In anoxic environments pH is subject to change due to the bi-carbonate interaction 

with solution and thereby complicates the effectiveness of Lassenite to remove copper.  

Due to these compounding discrepancies the parent solutions of pH 3, 5 and 7 were no longer homogeneous and 

therefore could not be compared. At pH 3 no precipitate was formed and therefore was the only solution that had 

a known concentration. Based on this understanding the data-sets for pH 5 and 7 were not used for further 

analysis.  

The third objective, to quantify the results, was achieved by statistically analyzing the copper absorbance data at 

pH 3. The results were proven to be significant, with little variability, and were therefore very reproducible. The 

null hypothesis, that there is no significant difference between the means of the absorption data, was rejected. It 

is reasonable for the means of the absorption values for Lassenite, clay and the controls to be significantly 

different because it is expected that their capacities to reduce copper concentration in solution would vary greatly. 

This was not in-line with the predicted result that Lassenite would be superior at reducing copper concentration in 

solution and that clay would be inferior. The standard deviation within each sample set (e.g. Lassenite, clay and 

control) was very small showing great precision. Simply put, absorbance values measured for replicates within 

each treatment had little variation. Additionally, confidence intervals were non-overlapping, illustrating significant 

differences between absorption values within discrete data-sets. In other words, the absorption values can be 

predicted with great accuracy and the absorption values for Lassenite, clay and control varied greatly. Lassenite 
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removed 38% less copper than clay, thus statistically proving the abilities of the treatments to be significantly 

different. 

COPPER ANALYSIS ERRORS 

 The ability for the control, Lassenite and clay to remove copper from each of the three pH adjusted 
copper solutions proved to be sensitive to time. In only a three-hour time span, the control samples 
removed a considerable amount of copper from solution.  

 The AA spectrophotometer values were observed at no more than +/- 0.001 in deviation. That said 
absorption variation likely existed amongst individual samples, enough to add error to the data set. In a 
couple of cases outlier absorbance readings were taken. 

 Given that four people individually prepared reagents and samples and, filtered and measured absorption 
readings, error likely increased. 

 The three pH adjusted solutions were not at all buffered therefore were extremely sensitive to internal 
and external changes that did not stabilize the initial calibrated pHs. 

 Each of the three pH-adjusted copper solutions were designed using lab supplied 0.1 M or 0.01 M NaOH 
solutions and 0.01 M or 0.2 M HCl solutions. The problem was that all three pH adjusted solutions 
contained varying amounts of HCl and/or NaOH. This means that all three solutions ended up not being 
equal.  

PHOSPHATE ANALYSIS 

The second objective of the project was met by adapting standard methodology to fit the experimental design. The 

design quantified the potential remediative properties of Lassenite in known phosphate solutions. Results of the 

phosphate experiment showed a significant reduction of phosphate concentration in solution when treated with 

Lassenite. The 20.25 ppm phosphate solution was treated with Lassenite, clay and no treatment (control). After a 

ten-fold dilution, the concentration of phosphate in solution with no treatment was approximately 2.03 ppm; the 

controls showed this to be accurate with an average phosphate concentration of 1.97 ppm (before adjusting 

values with reagent blanks). The clay samples represented a common medium for which to compare the Lassenite 

results. Conversely, the controls helped to determine other possible background factors that may have 

contributed, and otherwise may not have been recognized and/or isolated. The concentration of phosphate in 

solution, after the treatment of Lassenite, had an average value of 0.086 ppm. However, the solution treated by 

clay had an average concentration of 0.782 ppm showing Lassenite to be more efficient at reducing phosphate in 

solution (Table 3). Based on the results of this study Lassenite is a prospective treatment for combating phosphate 

induced eutrophication. 

Statistical analysis proved the results to be significant with little variability, and thus met the third objective. The 

null hypothesis, that there is no significant difference between the means of the absorption data, was rejected. It 

is reasonable for the means of the absorption values for Lassenite, clay and the controls to be significantly 

different because it is expected that the capacities to reduce the phosphate concentration in solution would vary 

greatly.  

PHOSPHATE ANALYSIS ERRORS 

 The greatest source of error was due to the need to acid wash all of the glassware and materials used in 

the experiment. It was critical that glassware be placed in 6 M sulfuric acid for a minimum of 24 hours; 

afterwards, the glassware was rinsed with distilled water. Despite being rinsed the glassware exhibited an 

acid residue that could not entirely be removed.  

 The addition of acid to the solution could have contributed to a slight variation amongst data values.  
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 Efforts were made to minimize error due to human and equipment limitations. The experiment asked for 

a great deal of measuring of small, precise amounts - this probably contributed to compounding error.  

 Concerted efforts were made to ensure that there was no phosphate contamination on the experiment 

glassware; however, the possibility of phosphate contamination, no matter how miniscule, remained a 

threat. 

RECOMMENDATIONS 

LASSENITE 

 Explore the geochemical properties of Lassenite utilizing other types of equipment from geology labs 

 Run the Lassenite through a deeper SEM scan to see the fabric of its geochemical structure 

 Focus on the AEC to find out if Lassenite significantly removes anions contaminants (e.g. ammonia) 

from water 

COPPER 

 Repeat the copper experiment several more times incorporating other pHs to gain accuracy of results 

 Set 2.5 ppm solution pHs using acetic acid instead of HCl 

 Measure time and temperature factors  

 Design the study in such a way that would maximize lab equipment and time 

 Use buffered copper solutions to ensure pH stability over time  

 Study Lassenite with other heavy metals in solution 

 Incorporate percolation time through Lassenite to see if flow rate makes a difference in copper 

uptake 

 Test grey-water samples with known heavy metal concentrations to see how Lassenite performs 

PHOSPHATE 

 Repeat the phosphate experiment several more times to gain accuracy of results 

 Measure time and temperature as factors 

 Test known detergent and/or fertilizer mixes with Lassenite to see how well they are remediated 

from water 

 Investigate the mechanism that Lassenite uses to remove phosphates 

FUTURE RESEARCH AND APPLICATION 
Further Lassenite research should be initiated in order to confirm the findings of this scientific study and to explore 

other important avenues of remediation. It would be ideal to discover how Lassenite might respond to 

hydrocarbon contamination in aqueous environments such as tailing ponds and acid mine drainage. Current 

studies are looking at utilizing biological materials such as microbes, mycorrhizae or algae to remediate polluted 

water. Perhaps Lassenite could be coupled with living organisms to form a powerful remediative tool. 
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CONCLUSIONS 
The objectives of the research project were met. The basic chemical and physical characteristics of Lassenite were 

assessed and the remediative properties of Lassenite were quantified using standard methodology and statistical 

analysis. The fourth and final objective will be met when with the submission of “A Scientific Study of Lassenite” to 

Mr. Bernie Neufeld of AquaFirst Technologies Inc. 

Given the numerous complexities and errors underlying the research it is difficult to reach an accurate conclusion 

on the nature of Lassenite and the ability to remove copper out of solution at varying pH. The chemical ability of 

copper to precipitate out of solution and the high pH sensitivity that Lassenite exhibits created difficulty in the 

quantification of the effects of Lassenite on the copper in solution. For Lassenite, the removal mechanism of 

copper in solution may be adsorption but further studies are needed to confirm this. Despite the conflict of copper 

solubility, Lassenite showed a significant reduction of over 50% copper from solution. In contrast, the clay removed 

nearly 100% copper from solution regardless of pH. 

With respect to phosphate removal, Lassenite was more efficient than clay in that it removed nearly 100 % of 

phosphate from solution; the clay removed about 56 % of phosphate from solution. It is unclear what the removal 

mechanism is that controls the ability of Lassenite to remove phosphate from solution, but further studies may be 

able to determine this. The research concludes that the ability of Lassenite to remediate phosphate from eutrophic 

waters is promising. 

Given the escalating issues regarding heavy metal and phosphate contamination, Lassenite could be used as an 

innovative remediative material to remove pollutants from aqueous environments. Where clay or related 

materials are not available, Lassenite could be employed as a natural, viable alternative to heavy metal and 

phosphate clean-ups around the globe. Lassenite is already being utilized as an excellent water retention and soil 

amendment material; the ability of Lassenite to remove soluble heavy metals and phosphate from solution is an 

added benefit to what it can already do. 
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APPENDIX 1 COLLABORATIVE RESEARCH AGREEMENT 
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APPENDIX 1 COLLABORATIVE RESEARCH AGREEMENT CONTINUED 
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APPENDIX 1 COLLABORATIVE RESEARCH AGREEMENT CONTINUED 
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APPENDIX 2 MATERIAL SAFETY DATA SHEET FOR CLAY USED AS EXPERIMENTAL 

TREATMENT 
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APPENDIX 2 MATERIAL SAFETY DATA SHEET FOR CLAY USED AS EXPERIMENTAL 

TREATMENT CONTINUED 
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APPENDIX 2 MATERIAL SAFETY DATA SHEET FOR CLAY USED AS EXPERIMENTAL 

TREATMENT CONTINUED 
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APPENDIX 3 SCANNING ELECTRON MICROSCOPE DIGITAL IMAGES OF FINE GRADE 

LASSENITE 
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APPENDIX 4 SCANNING ELECTRON MICROSCOPE ELEMENTAL ANALYSIS OF 

LASSENITE 

SEMQUANT RESULTS. LISTED AT 10:24:25 PM ON 5/13/2010 

Operator: B Gowen  

Client: Camosun  

Job: Job number 23 Camosun  

Spectrum label: Spectrum  1  

 

Accelerating voltage = 20.00 kV  

 

Q 

Elmt   Spect.  Inten.   Std   Element  Sigma   Atomic  

        Type   Corrn.  Corrn.    %       %       %     

O  K     ED    0.983    0.71   23.03    0.14   66.24   

Na K     ED    0.744    0.91    0.26    0.02    0.51   

Al K     ED    0.821    0.96    2.58    0.03    4.41   

Si K     ED    0.842    1.03   14.38    0.06   23.56   

S  K     ED    0.749    1.02    0.11    0.01    0.16   

K  K     ED    0.988    1.01    0.48    0.02    0.57   

Ca K     ED    0.956    1.01    0.31    0.02    0.36   

Ti K     ED    0.835    1.02    0.21    0.02    0.20   

Fe K     ED    0.845    1.02    4.85    0.08    4.00   

Total                          46.22          100.00   

 

* = <2 Sigma  

 

SEMQuant results. Listed at 10:36:19 PM on 5/13/2010  

Operator: B Gowen  

Client: Camosun  

Job: Job number 23 Camosun  

Spectrum label: Spectrum  2  

 

Elmt   Sp ect.  Inten.   Std   Element  Sigma   Atomic  

        Type   Corrn.  Corrn.    %       %       %     

O  K     ED    0.951    0.71   49.86    0.23   69.70   

Na K     ED    0.784    0.91    0.84    0.04    0.82   

Al K     ED    0.846    0.96    5.63    0.05    4.67   

Si K     ED    0.852    1.03   26.12    0.09   20.80   

S  K     ED    0.762    1.02    1.10    0.03    0.77   

K  K     ED    0.987    1.01    0.72    0.03    0.41   

Ca K     ED    0.953    1.01    1.90    0.04    1.06   

Ti K     ED    0.822    1. 02    0.29    0.03    0.13   

Fe K     ED    0.838    1.02    4.10    0.08    1.64   

Total                          90.56          100.00   

 

* = <2 Sigma  

 

SEMQuant results. Listed at 10:53:23 PM on 5/13/2010  

 

Operator: B Gowen  

Client: Camosun  

Job: Job numbe r 23 Camosun  

Spectrum label: Spectrum  3  

 

Elmt   Spect.  Inten.   Std   Element  Sigma   Atomic  

        Type   Corrn.  Corrn.    %       %       %     

O  K     ED    1.010    0.71   39.02    0.19   70.28   

Na K     ED    0.802    0.91    0.46    0.03    0 .57   

Al K     ED    0.862    0.96    4.10    0.04    4.38   

Si K     ED    0.865    1.03   22.03    0.07   22.60   

S  K     ED    0.748    1.02    0.12    0.02    0.11   

K  K     ED    0.980    1.01    0.65    0.02    0.48   

Ca K     ED    0.947    1.01    0.36    0.02    0.26   

Ti K     ED    0.822    1.02    0.21    0.03    0.13   

Fe K     ED    0.837    1.02    2.30    0.06    1.19   

Total                          69.25          100.00   

 

* = <2 Sigma  
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APPENDIX 4 SCANNING ELECTRON MICROSCOPE ELEMENTAL ANALYSIS OF 

LASSENITE CONTINUED 

SEMQuant results. Listed at 11:02:28 PM on 5/13/2010  

Operator: B Gowen  

Client: Camosun  

Job: Job number 23 Camosun  

Spectrum label: Spectrum  4  

 

Elmt   Spect.  Inten.   Std   Element  Sigma   Atomic  

        Type   Corrn.  Cor rn.    %       %       %     

O  K     ED    1.003    0.71   28.08    0.16   71.26   

Na K     ED    0.778    0.91    0.25    0.03    0.45   

Al K     ED    0.847    0.96    2.80    0.03    4.22   

Si K     ED    0.858    1.03   14.55    0.06   21.03   

S  K     ED    0.760    1.02    0.20    0.02    0.25   

K  K     ED    0.988    1.01    0.60    0.02    0.62   

Ca K     ED    0.952    1.01    0.45    0.02    0.45   

Ti K     ED    0.825    1.02    0.21    0.02    0.18   

Fe K     ED    0.838    1.02    2.10    0.0 6    1.53   

Total                          49.25          100.00   

 

* = <2 Sigma  

 

SEMQuant results. Listed at 11:08:21 PM on 5/13/2010  

Operator: B Gowen  

Client: Camosun  

Job: Job number 23 Camosun  

Spectrum label: Spectrum  5  

 

Elmt   Spect.  Inten.   Std   E lement  Sigma   Atomic  

 

        Type   Corrn.  Corrn.    %       %       %     

O  K     ED    1.005    0.71   32.35    0.17   70.31   

Na K     ED    0.793    0.91    0.34    0.03    0.52   

Al K     ED    0.857    0.96    3.27    0.04    4.22   

Si K     ED     0.865    1.03   18.14    0.07   22.46   

S  K     ED    0.750    1.02    0.13    0.02    0.14   

K  K     ED    0.982    1.01    0.55    0.02    0.49   

Ca K     ED    0.949    1.01    0.36    0.02    0.31   

Ti K     ED    0.823    1.02    0.21    0.02    0.15   

Fe K     ED    0.837    1.02    2.24    0.06    1.40   

Total                          57.60          100.00   

 

* = <2 Sigma  

 

SEMQuant results. Listed at 11:12:21 PM on 5/13/2010  

Operator: B Gowen  

Client: Camosun  

Job: Job number 23 Camosun  

Spectrum label: Spectrum  6  

 

Elmt   Spect.  Inten.   Std   Element  Sigma   Atomic  

        Type   Corrn.  Corrn.    %       %       %     

O  K     ED    0.997    0.71   28.41    0.16   69.77   

Na K     ED    0.789    0.91    0.26    0.03    0.44   

Al K     ED    0 .854    0.96    2.92    0.03    4.25   

Si K     ED    0.863    1.03   16.26    0.06   22.75   

S  K     ED    0.750    1.02    0.13    0.02    0.16   

K  K     ED    0.982    1.01    0.50    0.02    0.50   

Ca K     ED    0.949    1.01    0.33    0.02    0.32    

Ti K     ED    0.824    1.02    0.22    0.02    0.18   

Fe K     ED    0.838    1.02    2.30    0.06    1.62   

Total                          51.33          100.00   

 

* = <2 Sigma  
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APPENDIX 5 CEC/AEC ANALYSIS OF LASSENITE 
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APPENDIX 6 ELEMENTAL AND OXIDE ANALYSIS OF LASSENITE 

 


