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A Note to Readers 

This report documents a mesocosm-based experiment which was executed from May through 
September, 2017.  This experiment was designed with input and funding from the Demonstration Pit Lake 
(DPL) working group, which includes participation by the following oil sand mining operators: Canadian 
Natural Resources Limited (CNRL), Imperial,  Suncor, Syncrude, and Teck.   InnoTech Alberta had a 
contractual relationship first with Shell, and then with CNRL, who each funded and championed the project 
during their respective tenures, though it is understood that all DPL participants contributed equally with 
respect to technical and financial support under the governances of a COSIA Joint Industry Project. 

This project was conceived as the first in a series of studies running until December of 2021.  During 
that period, the DPL will have the right of first refusal for use of the InnoTech Alberta aquatic mesocosm 
facility.  Mesocosm-based studies undertaken during this period are expected to use tailings, process 
water, or other materials from a number of different oil sand mining operators. 

For the sake of brevity and clarity, the words “appear” and “significance” are used with specific 
meanings within this report.  The term, “significance” and its derivatives should be read as meaning 
statistically significant at α=0.05.  A lack of significance does not necessarily denote a lack of effect, it may 
reflect an effect that is present but too small to detect (again at α =0.05) given the degree of replication 
and variance of the data.  Conversely, “appear” and its derivatives should be read as signifying the 
perception of the author irrespective of statistical support.  It is because this study was conceived as a 
screening project whose goal was, in part, to generate hypotheses for future testing that such perceptions 
are articulated in the absence of statistical substantiation. 



MES-2017-1  
 

3 
 

 
 
Project Lead 
 
Jim Davies 
Ecosystem Management 
InnoTech Alberta 
Highway 16A & 75th Street 
P.O. Bag 4000 
Vegreville, AB T9C 1T4 
 
Sponsor/Administrators 
 
Shell Canada Energy 
3655 - 36 St. N.W. 
Calgary, AB T2L 1Y8 
 
Canadian Natural Resources Limited 
2100, 855 - 2 Street S.W. 
Calgary, AB T2P 4J8  
 
Suncor Energy Inc. 
150 – 6th Avenue S.W. 
Calgary, Alberta, Canada, T2P 3E3 
 
Sponsor Representatives 
 
Robert Mahood 
Tailings Technology Manager,  
Technology Development,  
Shell Technology Center Calgary 
Shell Canada Energy  
3655 - 36 St. N.W. 
Calgary, AB T2L 1Y8 
 
Stephen Tuttle 
Lead – Environmental Reclamation & Planning 
Canadian Natural Resources Limited 
Horizon Oil Sands 
Bag #4025 
Fort McMurray, Alberta 
Canada, T9H 3H5 
 
 
 
 



MES-2017-1 

4 

Rodney Guest 
Manager Strategic Closure Technology Development 
Suncor Energy Inc. 
150 – 6th Avenue S.W. 
Calgary, Alberta, Canada, T2P 3E3  

Contributing Scientists 

Data Analytics 
Craig Aumann 
Ecosystem Management 
InnoTech Alberta 
250 Karl Clark Rd, Edmonton, 
Alberta, Canada T6N 1E4 

Soil and Plant Tissue Analysis 
Ryan Melnichuk 
Ecosystem Management 
InnoTech Alberta 
Highway 16A & 75th Street 
P.O. Bag 4000, Vegreville, 
Alberta, Canada, T9C 1T4 

In addition to the individuals listed above, the author also wishes to recognize the contributions of the 
following people to the design, execution, and reporting of this project (reported alphabetically by 
surname): 

Jean Birks 
Shauna-Lee Chai 
Brian Eaton 
Jason Fisher 
Michelle Hiltz 
Graham Knox 
Blair Kolenosky 
Douglas Kuhn 
Marshall McKenzie 

Sandi Melenka 
Steve Mervin 
Xingua Mo 
Luke Nolan 
Neal Tanna 
Alberto Pereira 
Chris Powter 
Jean-Paul Tetreau 
Ami Tymchak 



MES-2017-1  
 

5 
 

Contents 

CONTENTS .............................................................................................................................................. 5 

FIGURES ................................................................................................................................................ 12 

TABLES .................................................................................................................................................. 14 

EXECUTIVE SUMMARY .......................................................................................................................... 15 

1. INTRODUCTION ................................................................................................................................ 16 
1.1 Demonstration Pit Lake Joint Industry Project ......................................................................... 16 
1.2 Study .......................................................................................................................................... 16 

2. METHODS ......................................................................................................................................... 16 
2.1 Experimental Groups ................................................................................................................. 16 

2.1.1 Control (CTRL) ................................................................................................................. 17 
2.1.2 Treatment (TRMT) .......................................................................................................... 17 

2.2 Mesocosms ................................................................................................................................ 17 
2.2.1 Mesocosm Components ................................................................................................. 23 
2.2.1.1 Conditioned and Unconditioned Soil ......................................................................................... 25 

2.2.1.1.1 Source ................................................................................................................................. 25 
2.2.1.1.2 Amount ............................................................................................................................... 25 
2.2.1.1.3 Storage and Fate................................................................................................................. 25 
2.2.1.1.4 Distribution within Mesocosms .......................................................................................... 25 
2.2.1.1.5 Characterization ................................................................................................................. 26 

2.2.1.2 River Water ................................................................................................................................ 26 
2.2.1.2.1 Source ................................................................................................................................. 26 
2.2.1.2.2 Amount ............................................................................................................................... 26 
2.2.1.2.3 Storage and Fate................................................................................................................. 26 
2.2.1.2.4 Characterization ................................................................................................................. 26 

2.2.1.3 Installed Vegetation ................................................................................................................... 27 
2.2.1.3.1 Species ................................................................................................................................ 27 
Potamogeton zosteriformis (flatstem pondweed): ........................................................................... 27 
Ceratophyllum demersum (hornwort, coontail): .............................................................................. 27 
Carex aquatilis (water sedge): ........................................................................................................... 27 
Typha latifolia (common cattail): ...................................................................................................... 28 
2.2.1.3.2 Source ................................................................................................................................. 28 
2.2.1.3.3 Amount ............................................................................................................................... 28 
2.2.1.3.4 Storage and Fate................................................................................................................. 28 
2.2.1.3.5 Distribution within Mesocosms .......................................................................................... 28 

2.2.1.4 Densified Fluid Fine Tails ............................................................................................................ 29 
2.2.1.4.1 Presence ............................................................................................................................. 29 
2.2.1.4.2 Source and production ....................................................................................................... 29 
2.2.1.4.3 Formulation ........................................................................................................................ 30 
2.2.1.4.4 Amount ............................................................................................................................... 30 
2.2.1.4.5 Storage and Fate................................................................................................................. 30 
2.2.1.4.6 Distribution within Mesocosms .......................................................................................... 30 
2.2.1.4.7 Characterization ................................................................................................................. 30 

2.2.1.5 Oil Sands Process Water ............................................................................................................. 31 



MES-2017-1 

6 

2.2.1.5.1 Source ................................................................................................................................. 31 
2.2.1.5.2 Homogenization ................................................................................................................. 31 
2.2.1.5.3 Amount ............................................................................................................................... 32 
2.2.1.5.4 Storage and Fate................................................................................................................. 32 
2.2.1.5.5 Distribution within Mesocosms .......................................................................................... 32 
2.2.1.5.6 Characterization ................................................................................................................. 32 

2.3 Study Schedule .......................................................................................................................... 33 
2.4 Reception of Materials .............................................................................................................. 38 

2.4.1 River Water ..................................................................................................................... 38 
2.4.2 dFFT ................................................................................................................................ 40 
2.4.3 OSPW .............................................................................................................................. 40 

2.5 Mesocosm Commissioning and Establishment ......................................................................... 41 
2.5.1 Identification of the Mesocosms .................................................................................... 41 
2.5.1.1 Allocation to Group .................................................................................................................... 41 
2.5.2 Installation of Shelving ................................................................................................... 42 
2.5.3 Installation of Mesh Socks .............................................................................................. 43 
2.5.4 Installation of Vegetation ............................................................................................... 43 
2.5.5 Installation of Unconditioned Soil .................................................................................. 45 
2.5.6 Installation of Data Loggers ............................................................................................ 48 
2.5.7 Source Material Characterization ................................................................................... 48 
2.5.7.1 Conditioned and Unconditioned Soil ......................................................................................... 49 
2.5.7.2 River Water ................................................................................................................................ 49 
2.5.7.3 OSPW.......................................................................................................................................... 50 
2.5.7.4 dFFT ............................................................................................................................................ 51 
2.5.8 Homogenization ............................................................................................................. 51 
2.5.8.1 Testing Homogeneity ................................................................................................................. 53 

2.6 Treatment .................................................................................................................................. 54 
2.6.1 Treatment Procedure on Study Days 0, 1, and 2............................................................ 57 
2.6.2 Treatment procedure for Crew 1 on Study Days 7, 8, and 9 .......................................... 59 
2.6.3 Treatment procedure for Crew 2 on Study Days 7, 8, and 9 .......................................... 60 

2.7 Observations and Sampling ....................................................................................................... 61 
2.7.1 Water Quality – Field Measurement .............................................................................. 61 
2.7.2 Water Quality – Laboratory Measurement .................................................................... 62 
2.7.3 Installed Vegetation ....................................................................................................... 66 

Emergent Plants – T. latifolia, C. aquatilis: ........................................................................................ 66 
Submerged Free Floating Plants – C. demersum: ............................................................................. 66 
Submerged Rooted Plants – P. zosteriformis: ................................................................................... 66 

2.7.3.1 Plant Harvest and Wet Biomass ................................................................................................. 67 
2.7.4 Toxicity ........................................................................................................................... 67 
2.7.5 Periphyton ...................................................................................................................... 68 
2.7.6 Macroinvertebrates ........................................................................................................ 68 
2.7.7 Zooplankton ................................................................................................................... 72 
2.7.8 dFFT Pore Water ............................................................................................................. 73 
2.7.9 Data Loggers ................................................................................................................... 74 
2.7.10 Additional Investigations .............................................................................................. 75 

2.8 Maintenance ............................................................................................................................. 75 
2.8.1 Water Level .................................................................................................................... 75 

2.9 Mesocosm Decommissioning .................................................................................................... 77 



MES-2017-1  
 

7 
 

2.10 Data Analysis ........................................................................................................................... 77 
2.10.1 General ......................................................................................................................... 77 
2.10.1.1 Trends ....................................................................................................................................... 77 

2.10.1.1.1 Increasing ......................................................................................................................... 78 
2.10.1.1.2 Decreasing ........................................................................................................................ 78 
2.10.1.1.3 Mid-Study Increase ........................................................................................................... 78 
2.10.1.1.4 Mid-Study Decrease ......................................................................................................... 78 

2.10.1.2 Differences Between Groups ................................................................................................... 79 
2.10.1.2.1 OSPW ................................................................................................................................ 79 
2.10.1.2.2 dFFT .................................................................................................................................. 79 
2.10.1.2.3 Soil and Installed Vegetation ............................................................................................ 79 

2.10.2 Box plots ....................................................................................................................... 79 
2.10.3 Special Considerations ................................................................................................. 80 
2.10.3.1 Water Quality – Laboratory Measurement .............................................................................. 80 

Naphthenic acids ............................................................................................................................... 80 
Reporting limits ................................................................................................................................. 81 

2.10.3.2 Trout and Microtox® Toxicity .................................................................................................... 81 

3. RESULTS ............................................................................................................................................ 82 
3.1 Water Quality – Field Measurement ......................................................................................... 82 

3.1.1 Temperature ................................................................................................................... 82 
3.1.1.1 Effect of Depth ........................................................................................................................... 82 
3.1.1.2 Effect of Time ............................................................................................................................. 82 
3.1.1.3 Effect of OSPW ........................................................................................................................... 83 
3.1.1.4 Effect of dFFT ............................................................................................................................. 84 
3.1.1.5 Effect of Soil and Installed Vegetation ....................................................................................... 84 
3.1.2 pH ................................................................................................................................... 84 
3.1.2.1 Effect of Depth ........................................................................................................................... 84 
3.1.2.2 Effect of Time ............................................................................................................................. 84 
3.1.2.3 Effect of OSPW ........................................................................................................................... 85 
3.1.2.4 Effect of dFFT ............................................................................................................................. 86 
3.1.2.5 Effect of Soil ............................................................................................................................... 86 
3.1.2.6 Effect of Installed Vegetation ..................................................................................................... 86 
3.1.3 Turbidity ......................................................................................................................... 86 
3.1.3.1 Effect of Depth ........................................................................................................................... 86 
3.1.3.2 Effect of Time ............................................................................................................................. 86 
3.1.3.3 Effect of OSPW ........................................................................................................................... 87 
3.1.3.4 Effect of dFFT ............................................................................................................................. 88 
3.1.3.5 Effect of Soil ............................................................................................................................... 88 
3.1.3.6 Effect of Installed Vegetation ..................................................................................................... 88 
3.1.4 Specific Conductivity ...................................................................................................... 88 
3.1.4.1 Effect of Depth ........................................................................................................................... 88 
3.1.4.2 Effect of Time ............................................................................................................................. 88 
3.1.4.3 Effect of OSPW ........................................................................................................................... 89 
3.1.4.4 Effect of dFFT ............................................................................................................................. 89 
3.1.4.5 Effect of Soil ............................................................................................................................... 89 
3.1.4.6 Effect of Installed Vegetation ..................................................................................................... 89 
3.1.5 Optical Dissolved Oxygen ............................................................................................... 89 
3.1.5.1 Effect of Depth ........................................................................................................................... 89 
3.1.5.2 Effect of Time ............................................................................................................................. 89 



MES-2017-1 

8 

3.1.5.3 Effect of OSPW ........................................................................................................................... 90 
3.1.5.4 Effect of dFFT ............................................................................................................................. 90 
3.1.5.5 Effect of Soil ............................................................................................................................... 90 
3.1.5.6 Effect of Installed Vegetation ..................................................................................................... 90 

3.2 Water Quality – Laboratory Measurement ............................................................................... 91 
3.2.1 Extractable Calcium, Magnesium, and Iron.................................................................... 91 
3.2.2 Hardness ......................................................................................................................... 91 
3.2.2.1 Effect of Time ............................................................................................................................. 91 
3.2.2.2 Effect of OSPW ........................................................................................................................... 91 
3.2.2.3 Effect of dFFT ............................................................................................................................. 91 
3.2.2.4 Effect of Soil ............................................................................................................................... 92 
3.2.2.5 Effect of Installed Vegetation ..................................................................................................... 92 
3.2.3 Chloride .......................................................................................................................... 92 
3.2.4 Fluoride ........................................................................................................................... 92 
3.2.4.1 Effect of Time ............................................................................................................................. 92 
3.2.4.2 Effect of OSPW ........................................................................................................................... 93 
3.2.4.3 Effect of dFFT ............................................................................................................................. 94 
3.2.4.4 Effect of Soil and Installed Vegetation ....................................................................................... 94 
3.2.5 Nitrate and Nitrite .......................................................................................................... 94 
3.2.5.1 Effect of Time ............................................................................................................................. 94 
3.2.5.2 Effect of OSPW ........................................................................................................................... 94 
3.2.5.3 Effect of dFFT ............................................................................................................................. 94 
3.2.5.4 Effect of Soil ............................................................................................................................... 94 
3.2.5.5 Effect of Installed Vegetation ..................................................................................................... 95 
3.2.6 Potassium and Sodium ................................................................................................... 95 
3.2.7 Sulfate ............................................................................................................................. 95 
3.2.7.1 Effect of Time ............................................................................................................................. 95 
3.2.7.2 Effect of OSPW ........................................................................................................................... 95 
3.2.7.3 Effect of dFFT ............................................................................................................................. 95 
3.2.7.4 Effect of Soil ............................................................................................................................... 95 
3.2.7.5 Effect of Installed Vegetation ..................................................................................................... 95 
3.2.8 Total Dissolved Solids. .................................................................................................... 96 
3.2.8.1 Effect of Time ............................................................................................................................. 96 
3.2.8.2 Effect of OSPW ........................................................................................................................... 96 
3.2.8.3 Effect of dFFT ............................................................................................................................. 96 
3.2.8.4 Effect of Soil and Installed Vegetation ....................................................................................... 96 
3.2.9 Other Measures .............................................................................................................. 96 
3.2.9.1 Alkalinity ..................................................................................................................................... 96 
3.2.9.2 Silica (reactive) ........................................................................................................................... 97 
3.2.10 Biological Oxygen Demand ........................................................................................... 97 
3.2.10.1 Effect of Time ........................................................................................................................... 97 
3.2.10.2 Effect of OSPW ......................................................................................................................... 97 
3.2.10.3 Effect of dFFT, Soil, and Installed vegetation ........................................................................... 97 
3.2.11 Chemical Oxygen Demand ........................................................................................... 98 
3.2.11.1 Effect of Time ........................................................................................................................... 98 
3.2.11.2 Effect of OSPW ......................................................................................................................... 99 
3.2.11.3 Effect of dFFT, Soil, and Installed Vegetation ........................................................................... 99 
3.2.12 Dissolved Organic Carbon ............................................................................................ 99 
3.2.12.1 Effect of Time ........................................................................................................................... 99 
3.2.12.2 Effect of OSPW ......................................................................................................................... 99 



MES-2017-1 

9 

3.2.12.3Effect of dFFT, Soil, and Installed Vegetation............................................................................ 99 
3.2.13 BTEX .............................................................................................................................. 99 
3.2.14 Phenols ......................................................................................................................... 99 
3.2.14.1 Effect of Time ......................................................................................................................... 100 
3.2.14.2 Effect of OSPW ....................................................................................................................... 101 
3.2.14.3 Effect of dFFT, Soil, and Installed Vegetation ......................................................................... 101 
3.2.15 Polycyclic Aromatic Hydrocarbons ............................................................................. 101 
3.2.15.1 Effect of Time ......................................................................................................................... 103 
3.2.15.2 Effect of OSPW ....................................................................................................................... 104 
3.2.15.3 Effect of dFFT ......................................................................................................................... 104 
3.2.15.4 Effect of Soil and Installed Vegetation ................................................................................... 104 
3.2.16 Naphthenic Acids – total ............................................................................................ 104 
3.2.16.1 Effect of Time ......................................................................................................................... 104 
3.2.16.2 Effect of OSPW ....................................................................................................................... 106 
3.2.16.3 Effect of dFFT ......................................................................................................................... 106 
3.2.16.4 Effect of Soil and Installed Vegetation ................................................................................... 106 
3.2.17 Naphthenic Acids – proportion by family ................................................................... 106 
3.2.17.1 Effect of Time ......................................................................................................................... 106 
3.2.17.2 Effect of OSPW ....................................................................................................................... 107 
3.2.17.3 Effect of dFFT ......................................................................................................................... 108 
3.2.17.4 Effect of Soil and Installed Vegetation ................................................................................... 109 
3.2.18 Naphthenic Acids – concentration by family.............................................................. 110 
3.2.18.1 Effect of Time ......................................................................................................................... 110 
3.2.18.2 Effect of OSPW ....................................................................................................................... 111 
3.2.18.3 Effect of dFFT ......................................................................................................................... 111 
3.2.18.4 Effect of Soil and Installed Vegetation ................................................................................... 111 
3.2.19 Metals ......................................................................................................................... 112 
3.2.19.1 Effect of Time ......................................................................................................................... 113 
3.2.19.2 Effect of OSPW ....................................................................................................................... 114 
3.2.19.3 Effect of dFFT ......................................................................................................................... 115 
3.2.19.4 Effect of Soil ........................................................................................................................... 116 
3.2.19.5 Effect of Installed Vegetation ................................................................................................. 117 

3.3 Installed Vegetation ................................................................................................................ 119 
3.3.1 Growth and Survival ..................................................................................................... 119 
3.3.1.1 Effect of Time ........................................................................................................................... 119 
3.3.1.2 Effect of OSPW and dFFT .......................................................................................................... 121 
3.3.1.3 Effect of Soil ............................................................................................................................. 122 
3.3.2 Above Ground Biomass ................................................................................................ 122 
3.3.2.1Effect of OSPW and dFFT .......................................................................................................... 122 
3.3.2.2 Effect of Soil ............................................................................................................................. 123 

3.4 Toxicity .................................................................................................................................... 124 
3.4.1 Trout Toxicity ................................................................................................................ 124 
3.4.1.1 Effect of Time ........................................................................................................................... 124 
3.4.1.2 Effect of OSPW ......................................................................................................................... 124 
3.4.1.3 Effect of dFFT ........................................................................................................................... 125 
3.4.1.4 Effect of Soil ............................................................................................................................. 125 
3.4.1.5 Effect of Installed Vegetation ................................................................................................... 125 
3.4.2 Microtox® ...................................................................................................................... 125 
3.4.2.1 Effect of Time ........................................................................................................................... 125 
3.4.2.2 Effect of OSPW ......................................................................................................................... 125 



MES-2017-1 

10 

3.4.2.3 Effect of dFFT ........................................................................................................................... 125 
3.4.2.4 Effect of Soil and Installed Vegetation ..................................................................................... 126 

3.5 Periphyton ............................................................................................................................... 126 
3.5.1 Effect of Time ............................................................................................................... 126 
3.5.2 Effect of OSPW and dFFT .............................................................................................. 126 
3.5.3 Effect of Soil .................................................................................................................. 126 
3.5.4 Effect of Installed Vegetation ....................................................................................... 126 

3.6 Macroinvertebrates ................................................................................................................ 127 
3.6.1 Effect of OSPW and dFFT .............................................................................................. 127 
3.6.2 Effect of Soil and Installed Vegetation ......................................................................... 131 

3.7 Zooplankton ............................................................................................................................ 131 
3.7.1 Effect of OSPW and dFFT .............................................................................................. 131 
3.7.2 Effect of Soil and Installed Vegetation ......................................................................... 134 

3.8 dFFT Pore Water ...................................................................................................................... 134 
3.8.1 Effect of Time ............................................................................................................... 134 

3.9 Data Loggers ............................................................................................................................ 134 
3.9.1 Effect of Soil and Installed Vegetation ......................................................................... 134 

3.10 Anecdotal Observations ........................................................................................................ 136 
3.10.1 Mesh Sock Colouration .............................................................................................. 137 
3.10.2 Snails ........................................................................................................................... 137 
3.10.3 Metaphyton ................................................................................................................ 137 
3.10.4 Gas Bubbles and Density of Soil Layer ....................................................................... 138 
3.10.5 Scum on TRMT5 Mesocosms ...................................................................................... 138 
3.10.6 Colour of Emergent Vegetation .................................................................................. 139 
3.10.7 Adventitious Vegetation ............................................................................................. 139 
3.10.8 Within-Day Variation in pH and Dissolved Oxygen .................................................... 140 
3.10.9 Floating Hydrocarbon ................................................................................................. 140 

4. DISCUSSION .................................................................................................................................... 141 
4.1 The Effects of Depth ................................................................................................................ 141 

4.1.1 Temperature ................................................................................................................. 141 
4.1.2 Turbidity ....................................................................................................................... 141 
4.1.3 Dissolved Oxygen ......................................................................................................... 141 
4.1.4 Specific Conductivity .................................................................................................... 142 
4.1.5 pH ................................................................................................................................. 142 

4.2 The Effects of time .................................................................................................................. 143 
4.2.1 Water Quality – Field Measurement ............................................................................ 143 
4.2.2 Water Quality – Laboratory Measurement .................................................................. 143 
4.2.3 Installed Vegetation ..................................................................................................... 146 
4.2.4 Toxicity ......................................................................................................................... 146 
4.2.5 Periphyton .................................................................................................................... 147 
4.2.6 dFFT Pore Water ........................................................................................................... 147 
4.2.7 Data Loggers ................................................................................................................. 147 

4.3 The Effects of OSPW ................................................................................................................ 148 
4.3.1 Water Quality – Field Measurement ............................................................................ 148 
4.3.2 Water Quality – Laboratory Measurement .................................................................. 148 
4.3.3 Installed Vegetation ..................................................................................................... 148 



MES-2017-1 

11 

4.3.4 Toxicity ......................................................................................................................... 149 
4.3.5 Periphyton .................................................................................................................... 149 
4.3.6 Macroinvertebrates ...................................................................................................... 150 
4.3.7 Zooplankton ................................................................................................................. 150 

4.4 The Effects of dFFT .................................................................................................................. 152 
4.4.1 Water Quality – Field Measurement ............................................................................ 152 
4.4.2 Water Quality – Laboratory Measurement .................................................................. 152 
4.4.3 Installed Vegetation ..................................................................................................... 152 
4.4.4 Toxicity ......................................................................................................................... 153 
4.4.5 Periphyton .................................................................................................................... 153 
4.4.6 Macroinvertebrates ...................................................................................................... 153 
4.4.7 Zooplankton ................................................................................................................. 154 

4.5 The Effects of Soil .................................................................................................................... 155 
4.5.1 Water Quality – Field Measurement ............................................................................ 155 
4.5.2 Water Quality – Laboratory Measurement .................................................................. 155 
4.5.3 Data Loggers ................................................................................................................. 155 
4.5.4 Installed Vegetation, Toxicity, Periphyton, Macroinvertebrates, and Zooplankton .... 156 

4.6 The Effects of Installed Vegetation ......................................................................................... 156 

5. LITERATURE CITED .......................................................................................................................... 157 

6. APPENDICES .................................................................................................................................... 163 



MES-2017-1 

12 

Figures 

Figure 1.  Schematic diagram of InnoTech Alberta mesocosms. ......................................................... 19 
Figure 2.  Solar powered dewatering system ....................................................................................... 20 
Figure 3.  InnoTech Alberta Aquatic Mesocosm Facility ...................................................................... 21 
Figure 4.  River water holding tanks ..................................................................................................... 22 
Figure 5.  Polyethylene shelves ............................................................................................................ 24 
Figure 6.  Mesh sock ............................................................................................................................. 24 
Figure 7.  Early spring 2017 road conditions ........................................................................................ 38 
Figure 8.  Floating inner tank ................................................................................................................ 39 
Figure 9.  dFFT barrels .......................................................................................................................... 40 
Figure 10.  P. zosteriformis turion ........................................................................................................ 44 
Figure 11.  Mesocosm layout ............................................................................................................... 45 
Figure 12.  Unconditioned soil installation ........................................................................................... 47 
Figure 13.  Floating organic matter ...................................................................................................... 47 
Figure 14.  Mesocosms designated by row (letters) and column (numbers) ....................................... 52 
Figure 15.  Homogenization by column ................................................................................................ 53 
Figure 16.  Mesocosm treatment flowchart for Day 0 to 2 .................................................................. 55 
Figure 17.  Mesocosm treatment flowchart for Day 7 to 9 .................................................................. 55 
Figure 18.  dFFT administration ............................................................................................................ 56 
Figure 19.  Hydrocarbon floating on release water .............................................................................. 56 
Figure 20.  Hydrocarbon floating in mesocosm ................................................................................... 57 
Figure 21.  Utility tanks with boards and pylons .................................................................................. 58 
Figure 22.  Skimming hydrocarbon from release water ....................................................................... 60 
Figure 23.  Hester-Dendy sampler ........................................................................................................ 70 
Figure 24.  Nitex mesh patches on funnels .......................................................................................... 70 
Figure 25.  Processed mesh patch in jar with formalin ........................................................................ 71 
Figure 26.  Zooplankton trap ................................................................................................................ 73 
Figure 27.  Funnel, lid, and mesh.......................................................................................................... 73 
Figure 28.  Potable water tanks being filled ......................................................................................... 76 
Figure 29.  Aluminum depth gauge ...................................................................................................... 76 
Figure 30.  Mean water temperature across depth and time (+/- standard deviation) ...................... 83 
Figure 31.  Mean pH at bottom of mesocosms .................................................................................... 85 
Figure 32.  Mean turbidity across depth and time (+/- standard deviation) ....................................... 87 
Figure 33.  Fluoride concentration across time points ......................................................................... 93 
Figure 34.  Chemical oxygen demand (COD) across time points.......................................................... 98 
Figure 35.  Phenol(s) concentration across time points ..................................................................... 100 
Figure 36.  PAH correlations ............................................................................................................... 102 
Figure 37.  PAH(s) concentration across time points ......................................................................... 103 
Figure 38.  Total naphthenic acids concentration across time points ................................................ 105 
Figure 39.  Metaphyton ...................................................................................................................... 120 
Figure 40.  C. demersum wet weight in CTRL1 (orange) and CTRL2 (blue) ........................................ 120 
Figure 41.  T. latifolia height in CTRL2 (green) and TRMT5 (pink) ...................................................... 121 
Figure 42.  Above ground wet weight of C. aquatilis and T. latifolia ................................................. 123 



MES-2017-1 

13 

Figure 43.  Macroinvertebrate richness across experimental groups ................................................ 128 
Figure 44.  Macroinvertebrate community across experimental groups ........................................... 129 
Figure 45.  Macroinvertebrate abundance......................................................................................... 130 
Figure 46.  Zooplankton taxa richness (left) and diversity (right) ...................................................... 132 
Figure 47.  Zooplankton community .................................................................................................. 133 
Figure 48.  Mean difference between daily DO maxima and minima (+/- Std. Dev.) ........................ 135 
Figure 49.  Mean difference between daily Sp. Cond. maxima and minima (+/- Std. Dev.) .............. 136 
Figure 50.  Mesh socks at Week 17 .................................................................................................... 137 
Figure 51.  Bubbles on TRMT5 mesocosm ......................................................................................... 138 
Figure 52.  Submerged adventitious vegetation in a CTRL1 mesocosm ............................................ 139 
Figure 53.  Grass sprouting on a metaphyton mass ........................................................................... 140 



MES-2017-1 

14 

Tables 
Table 1.  Experimental groups in the 2017 mesocosm experiments. .................................................. 17 
Table 2.  Project items and material necessary for the 2017 mesocosm experiment. ........................ 23 
Table 3.  Outline of 2017 mesocosm experiment ................................................................................ 34 
Table 4.  Calendar dates, Study Days, and Study Weeks. ..................................................................... 35 
Table 5.  Allocation of mesocosms to experimental group .................................................................. 42 
Table 6.  Water chemistry sample types and analytes ......................................................................... 63 
Table 7.  Pore water analyses ............................................................................................................... 74 
Table 8.  Naphthenic acid families ........................................................................................................ 81 
Table 9.  Changes in the proportion (%) of NA families over time ..................................................... 107 
Table 10.  Changes in the proportion (%) of NA families associated with OSPW .............................. 108 
Table 11.  Changes in the proportion (%) of NA families associated with dFFT ................................. 109 
Table 12.  Changes in the absolute concentration (μg/L) of NA families over time .......................... 111 
Table 13.  Changes in the concentration of metals associated with time, OSPW, and dFFT ............. 117 



MES-2017-1 

15 

Executive Summary 

In the spring of 2017, a study funded by Canada’s Oil Sands Innovation Alliance’s (COSIA) 
Demonstration Pit Lake (DPL) Joint Industry Project (JIP), was undertaken to investigate the effects of oil 
sands process water (OSPW) and densified fluid fine tails (dFFT) on aquatic ecosystems to support the 
development of end pit lake (EPL) technology.  This study utilized mesocosms, simplified and replicated 
aquatic ecosystems, which had been designed and constructed by InnoTech Alberta in 2016.  The 
mesocosms were exposed to OSPW and dFFT in late May of 2017, followed by four months of data and 
sample collection. 

The presence of OSPW in the mesocosms was associated with increases in conductivity, turbidity, 
and various elements and compounds while concurrent decreases were observed in dissolved oxygen, 
water temperature at depth, and calcium.  For the most part, the physicochemical effects of OSPW 
decreased over time.  The presence of OSPW reduced the richness of the macroinvertebrate community 
while reducing the diversity (Shannon-Wiener) of the zooplankton community.  Submerged vegetation 
was also negatively impacted by OSPW; C. demersum did not survive in mesocosms containing 50% or 
100% OSPW by volume.  Colonization of the bottom of the mesocosms with adventitious vegetation, 
while common in the control mesocosms, did not occur in mesocosms containing OSPW or dFFT.  
Conversely, the presence of OSPW and dFFT had a small stimulatory effect on the growth of emergent 
vegetation (T. latifolia and C. aquatilis).  The acute toxicity of mesocosm water, which contained various 
dilutions of OSPW according to experimental group, was assessed using trout 96-hour LC50 and 
Microtox® assays.  While both assays indicated fairly low levels of toxicity at the beginning of the study, 
trout mortality decreased over time while Microtox® toxicity remained unchanged. 

The effects of dFFT were similar to those attributed to OSPW, but often of lesser magnitude.  Many 
of these effects were mediated by the slow efflux of solutes from the dFFT layer into the overlying 
water.  In contrast, polycyclic aromatic hydrocarbons (PAHs) were strongly associated with the presence 
of dFFT but not OSPW despite both materials originating from the same DPL participant company.  The 
surface-water concentration of these compounds decreased over time. 

The mesocosms were over-wintered at the end of the 2017 study so that active experimentation 
could resume in the spring of 2018. 



MES-2017-1 

16 

1. Introduction

1.1 Demonstration Pit Lake Joint Industry Project 
Canada’s Oil Sands Innovation Alliance (COSIA) focuses on accelerating the pace of improvement in 

environmental performance in Canada’s oil sands through collaborative action and innovation 
(www.cosia.ca). The use of pit lakes to treat tailings at the end of mine life is common in metal and coal 
mining operations. To date, only one such lake - Base Mine Lake (Syncrude) - has been constructed at 
commercial scale for the oil sands mining sector.  Oil sands mine operators of COSIA’s Water 
Environmental Priority Area (EPA) are undertaking a Demonstration Pit Lake (DPL) Joint Industry Project 
(JIP) to provide information that will support the design of commercial pit lakes for the reclamation and 
closure of the operators’ mine sites. The project will address research questions that will not be covered 
by Syncrude’s Base Mine Lake (BML) commercial demonstration. The project components may include:  

Mesocosms
Test Ponds
Potentially larger pond(s)
Model selection and development

1.2 Study 
This report describes the first in a series of mesocosm-based studies investigating the design and 

performance of end pit lake (EPL) scenarios.  Mesocosms are simplified aquatic ecosystems.  As research 
tools, mesocosms afford more realism than bench-scale experimentation, while providing more control 
and replication than field studies.  This initial project had two main goals.  The first was to serve as a trial 
run for the newly constructed mesocosm facility. The second was to provide screening-level information 
on the ecological effects of oil sands process water (OSPW) and densified fluid fine tails (dFFT).  

This study was designed as an expose-and-observe project from the outset, without any central 
hypothesis to be tested.  The information produced by this study was expected to generate hypotheses 
for future testing and to aid in the design of future mesocosm-based experiments.    

2. Methods

2.1 Experimental Groups 
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2.1.1 Control (CTRL) 
 Any mesocosm facility, by virtue of its location and design, will tend to exhibit distinct ecological 

characteristics/behaviours over time.  There is no effective means of predicting these characteristics; 
they must be observed empirically.  First-hand knowledge of mesocosm characteristics, particularly 
trends in within-group variability, greatly aids in the design and implementation of future studies.  To 
this end, half of the InnoTech Alberta facility was devoted to the study mesocosm behaviour in the 
absence of oil sands materials.  A second goal for these mesocosms was to serve as controls against 
which the effects of OSPW and dFFT could be judged.  Experimental groups devoted to these goals are 
identified as CTRL1, CTRL2, and CTRL3 in Table 1. 

2.1.2 Treatment (TRMT) 
The other half of the facility was devoted to providing information on the patterns and trends 

associated with the application of OSPW and dFFT to model aquatic ecosystems.  The results of this 
study were expected to identify topics warranting further investigation in subsequent experiments, be 
they mesocosm-based or otherwise.  This study was not intended to be a comprehensive investigation 
of the effects of these materials on aquatic ecosystems.  Experimental groups devoted to this goal are 
identified as TRMT1, TRMT2, TRMT3, TRMT4, and TRMT5 in Table 1. 

Table 1.  Experimental groups in the 2017 mesocosm experiments. 

Experimental 
group OSPW content Sediment* Installed 

plant status 
Number of 

mesocosms (n) 
CTRL1 0% Unconditioned Soil (20 cm) Present 6 
CTRL2 0% None Present 6 
CTRL3 0% None Absent 3 
TRMT1 0% dFFT (20 cm) Present 3 
TRMT2 25% dFFT (20 cm) Present 3 
TRMT3 50% dFFT (20 cm) Present 3 
TRMT4 100% dFFT (20 cm) Present 3 
TRMT5 50% None Present 3 
Total of 8 Experimental Groups 30 

* The sediment depths are guidelines only.  Both soil and dFFT were applied in volumes equivalent to a 20 cm
layer, but did not exist on the bottom of each mesocosm as a flat layer.  Rather, they took the form of a central
mound that slopes toward the mesocosm edges.  In addition, the hypothetical 20 cm layer of dFFT includes both
the densified sediment and the release water.  As a result, the actual layer of solids on the bottom of the
mesocosm was less than 20 cm.

2.2 Mesocosms 

The InnoTech Alberta aquatic mesocosms are composed of nested polyethylene tanks installed 
below grade to confer a realistic thermal profile throughout the water column (Figure 1).  An inner tank 
(15.9 m3 maximum, ~13.6 m3 working) forms the true mesocosm, containing the water, sediment, and 



MES-2017-1 

18 

biota necessary to maintain the model ecosystem.  A 25 m3 outer tank serves as a secondary 
containment vessel, to prevent the escape of test items if the inner tank should develop a leak.  
Between the walls of the inner and outer tank is a water jacket, which maintains thermal conduction 
between the mesocosm and the surrounding earth.  The level of the water jacket is typically 10 to 20 cm 
lower than that of the inner tank, both to prevent floatation of the inner tank and to provide an easy 
way to detect leaks from the inner tank (a leak would result in equalization of water levels between the 
inner and outer tanks).   

Two smaller nested tanks are installed immediately to the east of each mesocosm and are referred 
to, collectively, as overflow tanks.  These overflow tanks receive excess volume from the inner and outer 
mesocosm tanks in the event of heavy precipitation or sudden snow melt.  All tanks are composed of UV 
resistant linear low-density polyethylene which is chemically inert and sufficiently resilient to withstand 
the forces exerted by freezing water.  Both the mesocosm tanks and the overflow tanks are surrounded 
by galvanized steel guards.  These guards protect the pliable polyethylene tanks from lateral 
compressive forces exerted by settling backfill or passing vehicles.  Because the overflow tanks are 
usually empty, the guard around these tanks also allows them to float up and down in the event of 
heavy rain or accumulated groundwater without subsidence of the surrounding soil.  However, 
sufficiently high groundwater levels will result in the overflow tanks rising above the level of the 
overflow hose, preventing them from receiving excess volume.  To address this problem, a semi-
autonomous dewatering system was added to the facility in the summer of 2017 (Figure 2).  This system 
draws groundwater from the culvert around the overflow tanks and pumps it to the drainage ditch 
running along the western side of the facility.  In addition to maintaining the functionality of the 
overflow tanks, reduction of groundwater levels also reduces the risk of mesocosm ejection if the inner 
and outer tanks are emptied (e.g. for cleaning). 
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Figure 1.  Schematic diagram of InnoTech Alberta mesocosms. 

 View from above (top panel) and the side (bottom panel). 
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Figure 2.  Solar powered dewatering system 

 
 
The mesocosm facility consists of 30 mesocosms and associated structures.  Mesocosms are laid out 

in rows of varying length to make optimal use of the available area and to exploit the path of a pre-
existing road.  A simple network of gravel roads allows vehicles up to the size of loaded vacuum trucks to 
access the mesocosms.  The geometry of the road network is such that larger vehicles (e.g. tractor-
trailer trucks) are limited to the main access road (Figure 3).   

 
To the north of the mesocosms are supply structures, including supply ponds and storage tanks.  The 

shallow and deep supply ponds provide a persisent and predictable source of pre-acclimated aquatic 
plants.  Potable water storage tanks provide a source of clean water which can be used to offset 
evaporative and transpirational losses from the mesocosms (Section 2.8.1).  The wastewater storage 
tanks  are used to store materials of potential concern.  Consequently, these tanks are housed within a 
geomembrane-lined containment berm to protect the surrounding environment in the event of a leak or 
spill.   

 
The capacity to temporarily store Athabasca River water was required in 2017.  A series of 4 

polyethylene tanks, identical to the inner mesocosm tanks, were placed near the road in the 
southeastern corner of the facility (Figure 4).  These tanks received river water from tanker trucks prior 



MES-2017-1

21 

to filling the mesocosms.  Utility tanks, bricks, pallets, shelves, and other miscellaneous items were 
stored in the area between these tanks and the perimeter fence. 

Motion-sensitive cameras installed overlooking prototype mesocosms, constructed in 2013, showed 
that migratory waterfowl do not attempt to land in those tanks.  This finding was confirmed in 2017.  
While waterfowl were observed in the shallow supply pond and walking on the gravel roads, they were 
never seen in the mesocosms themselves.  The only animals found inside the inner tanks were a few 
boreal chorus frogs in the mid to late summer which were immediately removed.  Several birds and 
small mammals were found in the water jackets in the spring and fall.  Future projects should place 
polystyrene blocks or other large floating objects in the jacket to allow these animals a means of escape 
from the outer tank.  In addition to these measures, fladry lines were strung along the mesocosms to 
mitigate access by larger mammals (coyotes, deer, etc).   

The mesocosm site is surrounded by a page-wire fence and is subject to patrols by after-hours 
security personnel.  The only vehicle access to the site is via a private road which is gated outside of 
normal business hours.   

Figure 3.  InnoTech Alberta Aquatic Mesocosm Facility 

Left – air photo of mesocosm site; right – schematic diagram of mesocosm array and supporting structures.  Legend: SSP = 
shallow supply pond, DSPs = deep supply ponds, PWTs = potable water tanks, WWTs = wastewater tanks.  Note the photo was 
taken before the dewatering system was installed in 2017.  Four river water holding tanks were set parallel to the road in the 
southeast corner of the facility.  The blue and yellow object between the shallow supply pond and the most northerly row of 
mesocosms is a pickup truck. 
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Figure 4.  River water holding tanks 
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2.2.1 Mesocosm Components 
A range of items and materials were necessary for the execution of this study.  In addition to the 

mesocosm facility and associated equipment, which were funded and constructed by InnoTech Alberta, 
a number of additional items and materials were needed for this study; these are described in Table 2. 

Table 2.  Project items and material necessary for the 2017 mesocosm experiment. 
Item or Material Description Vendor Provider 

River water ~410 m3 Athabasca River water shipped to 
Vegreville N/A DPL participant 

Conditioned soil 
~1.5 m3 of conditioned Vegreville soil 

collected during construction of the facility 
in 2016 

N/A InnoTech 
Alberta 

Unconditioned soil ~ 10 m3 of unconditioned soil 

REDA 
Enterprises, 
Bonnyville, 

Alberta 

InnoTech 
Alberta 

Installed plants 

54 x Typha latifolia, 54 x Carex aquatilis, 54 
x Potamogeton zosteriformis, ~675 g 

Ceratophyllum demersum purchased from 
vendor in 2016, then over-wintered in 

InnoTech Supply ponds. 

Bearberry Creek 
Water Gardens, 
Sundre, Alberta 

InnoTech 
Alberta 

dFFT 19.2 m3 delivered in steel 55-gallon drums 

Coanda 
Research & 

Development 
Corporation 

DPL participant 

OSPW 100 m3 collected from tailings pond and 
shipped to Vegreville N/A DPL participant 

  A number of structures were contained within each mesocosm to permit installation of vegetation 
and sediment.  These include 6 polyethylene pots used to contain conditioned soil and rooted 
vegetation, 4 free-standing polyethylene shelving units (Figure 5) used to support emergent vegetation 
and equipment, and a cylindrical mesh “sock” (Figure 6) used to contain free floating vegetation.  It was 
understood that internal structures added to internal surface area, providing additional habitat for 
surface-attached (periphytic) biota, which became a substantial component of the mesocosm 
ecosystems (Perceval et al. 2009).  



MES-2017-1
 

24 
 

 
Figure 5.  Polyethylene shelves 

 

 
Figure 6.  Mesh sock 
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2.2.1.1 Conditioned and Unconditioned Soil 
Soil was, for the purposes of this study, considered to be conditioned after it had been underwater 

for at least 3 months (OECD 2006).  Soil that had not been underwater for at least 3 months, if at all, was 
considered to be unconditioned.  Unconditioned soil was added to one of the experimental groups so 
that the effects of that sediment layer on mesocosm development and behaviour could be investigated.  
By comparing a group of mesocosms which included a sediment layer (CTRL1) to another group which 
did not but was otherwise identical (CTRL2), the effects associated with the presence of that sediment 
layer could be determined.  Similarly, characteristics or behaviours which are consistent between CTRL1 
and TRMT1 might be reasonably attributed to the presence of a sediment layer, barring confounding 
factors.   

While conditioned soil would have been ideal for these purposes, none was available in the last 
weeks of 2016, when the decision to include the CTRL1 experimental group was made; nor was it 
practical to collect and submerge large volumes of soil as both the ground and mesocosms were already 
frozen.  While the use of natural wetland sediments in place of unconditioned soil was suggested, 
logistical, regulatory, and scientific limitations made this option unfeasible.  However, in an effort to 
increase the biological realism of the study, all mesocosms received a two-litre inoculation of 
homogenized sediment from a local pond (Section 2.5.5).  Conditioned soil was used only as a rooting 
medium for plants. 

2.2.1.1.1 Source 
Unconditioned soil was obtained from REDA Enterprises (Bonnyville, Alberta).  

Pots were filled with soil collected during the construction of the mesocosm facility in the summer 
of 2016 and placed in the deep and shallow supply ponds.  Later in 2016, individual plugs of C. aquatilis 
and T. latifolia as well as strands of P. zosteriformis (Section 2.5.4) were planted in these pots and 
returned to the supply ponds for the winter.  These pots, with their installed vegetation, were 
transferred to the mesocosms in the spring of 2017. 

2.2.1.1.2 Amount 
Each mesocosm in the CTRL1 experimental group received approximately 1.6 m3 of unconditioned 

soil.  Approximately 54 L of conditioned soil, contained in pots, was installed in all mesocosms except 
those of CTRL3. 

2.2.1.1.3 Storage and Fate 
Unconditioned soil was stored outdoors in a small heap until use.  The unused portion of that soil 

was used to support installed vegetation in the 2018 mesocosm study. 

2.2.1.1.4 Distribution within Mesocosms 
Unconditioned soil was installed in the mesocosms through the use of a forklift equipped with a 

telescopic boom (henceforth telehandler) as described in Section 2.5.5.  This method of administration 
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produced a soil layer which was a few centimeters thicker near the center of the mesocosm than at the 
edges.  Conditioned soil was present only in pots distributed as described in in Section 2.5.4. 

2.2.1.1.5 Characterization 
While sediment parameters were not among the dependent variables originally planned for this 

study, a baseline assessment of soil characteristics was inexpensive, considered good practice in the 
field, and may aid readers in the evaluation of study results (SETAC 1991, SETAC 1992, OECD 2006).    
Samples of conditioned soil, unconditioned soil, and the pond inoculant were characterized as described 
in Section 2.5.7.  The results of those analyses are provided in Appendix E. 

2.2.1.2 River Water 
 It was decided that using Athabasca River water (henceforth river water) to fill the mesocosms and 

dilute OSPW would make study results more realistic.  River water was present in all mesocosms prior to 
commissioning (Section 2.5) and was circulated between mesocosms during the homogenization 
procedure.   

2.2.1.2.1 Source 
All river water was received from a DPL participant prior to the first OSPW shipment.  This was done, 

in part, to accommodate poor road conditions but also to avoid any inadvertent contamination. 

2.2.1.2.2 Amount 
For this study, approximately 436 m3 of river water was collected from the Athabasca River and 

transported to the mesocosms in Vegreville by tanker truck.  While volume was not monitored prior to 
treatment, each mesocosm contained between 13 and 14 m3 of river water prior to homogenization.  
The details of river water transport and distribution from the tanker trucks to holding tanks to the 
mesocosms are provided in Section 2.4.1. 

2.2.1.2.3 Storage and Fate 
Prior to use, river water was temporarily stored in open top polyethylene tanks identical to those 

comprising the inner tank of the mesocosms (Figure 4).  At the end of the study, residual river water was 
used to replenish jacket water lost to evaporation. 

2.2.1.2.4 Characterization 
Like soil, a baseline characterization of river water after homogenization was undertaken.  This was 

done so that future readers/investigators might better evaluate and utilize the results of this study.  
Details of the collection, submission, and analysis of samples are provided in Section 2.5.8.1.  The results 
of analyses are provided in Appendix E. 
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2.2.1.3 Installed Vegetation 

A selection of plants was installed in all mesocosms during the commissioning and establishment 
phases (Section 2.5.4), then removed from the CTRL3 mesocosms prior to treatment.  This installed 
vegetation - plants which were intentionally installed in the mesocosms - is distinct from adventitious 
vegetation, which are plants that grew spontaneously within the mesocosms (Section 3.10.7). 

By installing vegetation in CTRL2 while removing it from CTRL3, the role which plants played in the 
development and behaviour of the mesocosms could be examined barring the influence of adventitious 
vegetation; in this case, plants were considered an independent variable.  In the TRMT groups, the 
survival and growth of installed plants was used as a dependent variable helping to describe the effects 
of OSPW and dFFT on an aquatic ecosystem.   

2.2.1.3.1 Species 
Installed plant species were selected for their natural occurrence in the Athabasca Oil Sands Region, 

commercial availability, and relative sensitivities to oil sands materials (based on published studies).  
Selected plants included emergent, submerged rooted, and submerged free floating growth forms, 
representing multiple zones within the aquatic ecosystems found in Alberta.  Secondary considerations 
for the selection of plant species included relevance to oil sands reclamation and monitoring guidelines.  

Plant species chosen for the 2017 mesocosm experiment included: 

Potamogeton zosteriformis (flatstem pondweed): 
Submerged rooted
Alkali tolerant (Rooney 2011)
Increased species richness accounted for by Potamogeton spp. acts as a positive indicator of
ecosystem stress (Rooney and Bayley 2012, AESRD 2013)
Other Potamogeton spp. have been associated with increased rates of PAH remediation in
sediments (Meng et al. 2015)

Ceratophyllum demersum (hornwort, coontail): 
Submerged free floating – allowed repeated measurement of wet biomass throughout
exposure period
Decreased percent cover by C. demersum is an indicator of stress (AESRD 2013, Rooney
2011, Rooney and Bayley 2012, CEMA 2014)
Has been recommended for abatement of nutrients (Dai et al. 2012) and heavy metals (Rai
et al. 1995) in aquatic systems

Carex aquatilis (water sedge):  
Emergent – allows repeated measurement of plant height throughout exposure period
Known to grow in oil sands contaminated sites, but at a reduced rate (Mollard et al. 2012)
Will dominate sedge communities in reclaimed sites (Raab and Bayley 2013)
Can tolerate highly variable geochemical conditions including pH, conductivity, sodium
concentration, water levels and both mineral and organic soils (CEMA 2014)
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Typha latifolia (common cattail): 
 Emergent – allows repeated measurement of plant height throughout exposure period 
 Ubiquitous  
 Has been used in laboratory evaluations of OSPW fate and toxicity (Armstrong 2008, 2009)   
 May grow at an increased rate in wetlands containing OSPW (Foote and Hornung 2008) 

 

2.2.1.3.2 Source 
All installed vegetation was purchased as plugs or in bulk from Bearberry Creek Water Gardens 

(Sundre, Alberta) and installed in the shallow (emergent species) and deep (submerged species) supply 
ponds during the late summer of 2016.   

2.2.1.3.3 Amount 
All mesocosms, save those assigned to CTRL3, contained 2 pots of C. aquatilis, 2 pots of T. latifolia, 2 

pots of P. zosteriformis, and one mesh sock containing approximately 25 grams of C. demersum.  This 
represents a lesser plant “load” than was stipulated in the Study Plan.  The reasons behind the reduced 
load, and the distribution of installed vegetation within the mesocosms are discussed in Section 2.5.4.  

 

2.2.1.3.4 Storage and Fate 
Plugs of T. latifolia and C. aquatilis were planted in cylindrical plastic pots measuring approximately 

23 cm in diameter and 22 cm in height (~9.1 L volume) containing soil.   Similarly, individual strands of P. 
zosteriformis were pressed into similar pots containing soil and lowered to the bottom of the deep 
supply ponds.  C. demersum was received as a single mass of multiple plants which was teased into two 
roughly equivalent portions and each portion transferred to a mesh sock floating in a deep supply pond.  
The shallow and deep supply ponds were filled with water collected from the same pond used to collect 
sediment inocula.  Installed vegetation was stored in the shallow and deep supply ponds over the winter 
of 2016/17.   

 
Above ground portions of T. latifolia and C. aquatilis were harvested for determination of above 

ground biomass.  For some mesocosms, this biomass was retained for chemical analysis as part of a 
satellite study (Section 2.7.10 and Appendix B).  If exposed to OSPW and/or dFFT, below ground portions 
of these plants were stored in steel drums until collected by a DPL participant in 2018.  If not exposed to 
OSPW or dFFT, below ground portions of these plants were composted.  C. demersum from all 
mesocosms was harvested at the end of the study and frozen at -20°C.  P. zosteriformis, where present, 
remains at the bottom of the mesocosms (Section 2.7.3). 

 

2.2.1.3.5 Distribution within Mesocosms 
The distribution of installed vegetation within the mesocosm is described in detail in Section 2.5.4. 
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2.2.1.4 Densified Fluid Fine Tails  

Fluid fine tails (FFT) refers to a liquid suspension of oil sands fines (solid particles less than 44 μm in 
diameter) in water possessing solids content greater than 2% by mass, but less than that corresponding 
to the Liquid Limit; the Liquid Limit being the boundary between a liquid and a solid as these phases 
pertain to soil mechanics (COSIA 2012).  Untreated FFT can be problematic to oil sands operators 
because it must be contained as a fluid.  However, FFT can be treated to increase its density.  
Densification is a generic term used in this report to refer to a number of processes which concentrate 
the solids to form a denser material more amenable to reclamation (i.e. densified FFT (dFFT)).  dFFT, 
including its release water, was present in the bottom of TRMT1, TRMT2, TRMT3, and TRMT4 
mesocosms in a volume equivalent to a 20 cm-thick layer (approximately 1.6 m3 or just under 12% of 
operating volume).  dFFT was included to provide an appropriate context for the experiment (i.e. EPLs 
will contain substantial amounts of dFFT) more so than as an independent variable.  Nevertheless, 
pairwise comparisons were made relative to the presence of dFFT (e.g. TRMT1 compared to CTRL2; 
TRMT3 compared to TRMT5) to outline its effects. 

2.2.1.4.1 Presence 
While many EPLs are expected to contain fine tails within their deepest (i.e. profundal) regions (be 

they fluid, mature, or otherwise), none will include this material within the littoral zone.  Since the 
relatively shallow depth of the mesocosms makes them more representative of the near-shore (i.e. 
littoral) zone than of the EPL as a whole, the presence of any dFFT may be considered inappropriate.  
However, given that the goal of this portion of the study was to investigate the trends and patterns 
associated with oil sands materials, not to provide high-fidelity models of real-world EPL scenarios, the 
decision was made to include dFFT such that its effects and interactions could be observed.   

2.2.1.4.2 Source and production 
While it had been decided early on that FFT was to be densified using a DPL participant’s 

densification technology, the logistics of production were not resolved until just before test item 
application.  Originally, FFT was to be pumped from a storage vessel, through the densification 
apparatus, and deposited sub-aqueously into the mesocosms.  The total volume of dFFT solids and 
liquids entering a mesocosm would be monitored by changes in surface level. 

In consultation with the contractor (Coanda Research & Development Corporation, Burnaby, British 
Columbia – henceforth Coanda), it was determined that on-site densification was not technically 
feasible.  Instead, the densification procedure was completed at Coanda’s Edmonton facility, where the 
product was deposited into 55-gallon steel drums.  The processed material then separated into solid and 
liquid layers within these drums.  The drums were shipped to Vegreville where they were tipped into the 
mesocosms using a telehandler and a drum carrier (Section 2.6.3).  This plan was developed and 
budgeted using the same volumes as were planned when on-site densification had been envisioned. 
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2.2.1.4.3 Formulation 
  All of the FFT added to the mesocosms was dFFT, possessing a solids content of approximately 40% 

by mass.  The FFT was densified by a process which utilizes a flocculant and a coagulant (polymer E-4964 
and aluminum sulfate respectively, Kemira Oyj, Helsinki, Finland) common in the water treatment 
industry.  An analysis of dFFT is provided in Appendix E. 

2.2.1.4.4 Amount 
Some DPL members advocated large amounts of dFFT be incorporated into the mesocosms, similar 

in proportion to volumes planned in some EPLs.  Under this scheme, dFFT would comprise 90% of 
mesocosm volume.  However, this approach was rejected on scientific and operational grounds.  The 
mesocosms are abstractions of real-world systems, not miniaturized reproductions of lakes.  Many 
mesocosm characteristics cannot be scaled-down or otherwise manipulated to parallel real-world 
conditions (e.g. light penetration, oxygen gradients, temperature gradients, pressure gradients, density 
of biota, etc).  As a result, arithmetic proportion is often not a useful means of dose determination.  
Moreover, filling the mesocosms 90% full with FFT would leave only 15 cm of free water to contain all 
biota and OSPW.  Finally, such an approach would require more than 156 m3 of FFT be transported and 
stored on site, a significant and potentially impractical amount.  Ultimately, it was decided that the 
amount of dFFT to be installed in the mesocosms was arbitrary but valid so long as that amount was 
consistent across all dFFT-containing mesocosms, and not vanishingly small.  The sum of liquid and solid 
volumes administered to each mesocosm was approximately 1.6 m3, equivalent to a 20 cm layer or 12% 
of total volume. 

2.2.1.4.5 Storage and Fate 
A total of 136 55-gallon (208 L) steel drums containing dFFT were received and held outdoors for 4 

to 5 days until use.  After treatment, empty barrels were placed on wooden pallets resting on tarps until 
collection.  Both used (empty) and unused (full) barrels were returned to Coanda’s Edmonton facility. 

2.2.1.4.6 Distribution within Mesocosms 
dFFT was added to the mesocosms using a telehandler and a drum carrier (Section 2.6.3).  This 

resulted in a distribution of gelled dFFT solids similar to that described for unconditioned soil: edge-to-
edge floor coverage with a central mound.  The release water associated with the dFFT dispersed 
throughout the mesocosm volume. 

2.2.1.4.7 Characterization 
Grossly, dFFT appeared as a thick gray-brown paste, resembling a dense and gritty chocolate 

mousse, overlain by an opaque gray/brown suspension and floating black hydrocarbon.  dFFT samples 
were collected from the barrels at the time of mesocosm treatment and sent for analysis (Section 
2.5.7.4).    The results of these analyses are provided in Appendix E. 
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2.2.1.5 Oil Sands Process Water 

Oil Sands Process Water (OSPW) refers to water that has been used to extract bitumen.  OSPW 
typically contains suspended solids, dissolved organics (e.g., naphthenic acids and surfactants) and 
various types and amounts of inorganic ions.   

OSPW can show high degrees of variation in composition across operators, ore sources, ages, 
seasons, and even locations within a single tailings pond.  A range of OSPW constituents, including heavy 
metals, salts, naphthenic acids, and polycyclic aromatic hydrocarbons (PAHs) could impact the ecological 
state of an EPL. Given its presence in EPLs, and its potential for ecological impact, it was important to 
include OSPW in the study.   

2.2.1.5.1 Source 
OSPW was collected, as is, from a “loop” which actively circulates water between the tailings 

pond(s), extraction plants, and upgrading facilities. This OSPW was representative of the water in active 
use at the DPL participant’s mine site.  Once collected, the OSPW was transported to Vegreville by truck, 
where it was off-loaded into four wastewater storage tanks.     

2.2.1.5.2 Homogenization 
Because it can be highly variable in composition, OSPW had to be homogenized prior to use.  

Initially, OSPW was to be circulated across all wastewater storage tanks simultaneously.  In practice, 
however, this proved to be an unwise strategy.  Each of the four storage tanks had been filled close to 
its maximum capacity.  This, coupled with the slope of the site, resulted in the probability of gravity-
driven southward flow and the potential for overflow in the most southerly tank.   

Instead of simultaneous circulation, a pairwise strategy was adopted.  If tanks are numbered from 
north (Tank 1) to south (Tank 4), then OSPW was circulated sequentially between tank 1 and 2, tank 2 
and 3, tank 3 and 4, and finally between tank 4 and 1.  For each pairwise circulation, flow was first 
established at minimum pump speed then increased to maximum (approximately 710 L/min) and held at 
that speed for at least 35 minutes.   Because each tank underwent two rounds of circulation, the volume 
of each wastewater storage tank was circulated twice, as per the original Study Plan.  Using this method, 
only two tanks and two pumps needed to be monitored at any one time with minimal gravity driven 
flow between tanks (with the exception of the Tank 1/Tank 4 circulation which required some 
compensatory adjustment of pump speed).  Once the distribution of each truckload of OSPW is 
considered (i.e. truckloads were typically split across more than one tank), it is clear that this pairwise 
approach resulted in considerable mixing of the three OSPW shipments.  The least homogenous of the 
wastewater tanks was expected to be Tank 3, which contained approximately 62% May 8th shipment, 
25% May 9th shipment, and 13% May 10th shipment.   

Future experimenters, should they be in similar circumstances, are advised to limit OSPW volume to 
no more than 80% capacity in any given wastewater tank.  Ladders of adequate height and construction 
should be available and installed at all wastewater tanks prior to commencing homogenization.  Once 
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circulation between tanks is established, and all air purged from the hoses, gravity can be exploited to 
motivate flow from north to south.  A single pump returning OSPW from south to north can be used to 
complete the circuit while minimizing the manpower required to monitor pumps and water levels.   

2.2.1.5.3 Amount 
Exposure levels of OSPW were set at 0%, 25%, 50%, and 100% by volume for experimental groups 

TRMT1, TRMT2, TRMT3, and TRMT4 respectively, producing a coarse dilution series in the presence of 
dFFT.  The intent of the dilution series was to outline possible relationships (e.g. positive, negative, 
dependent, independent, etc) between response variables and OSPW.   

A fifth group (TRMT5) contained OSPW in the absence of dFFT, in an effort to understand which, if 
any, of the OSPW-associated effects are modified by the presence of dFFT.  In order to accomplish this 
goal, the OSPW concentration for TRMT5 had to match one of TRMT2, TRMT3, or TRMT4.  It was felt 
that the effects abrogated by the absence of a dFFT layer could be swamped out by a 100% 
concentration of OSPW, leaving 25% and 50% as the remaining options.  Ultimately, the selection of 50% 
over 25% was arbitrary. 

2.2.1.5.4 Storage and Fate 
OSPW was shipped to InnoTech Alberta in bulk and stored in the wastewater storage tanks until use. 

Diluted (Section 2.6.3) and unused OSPW (approximately 18 m3 in total) was collected and shipped to a 
DPL participant for disposal.   

2.2.1.5.5 Distribution within Mesocosms 
OSPW diffused throughout the mesocosm volume.  The means by which OSPW was administered to 

the mesocosms is detailed in Section 2.6.1. 

2.2.1.5.6 Characterization 
A sample of OSPW was collected after homogenization and submitted to InnoTech Alberta’s 

Environmental Analytical Services (EAS) team for analysis.  A second sample was sent to a DPL 
participant for naphthenic acid analysis by Fourier transform infrared (FTIR) spectroscopy.  The details of 
sampling and the analyses performed can be found in Section 2.5.7.3.  The analytical results can be 
found in Appendix E. 
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2.3 Study Schedule 
Table 3 provides a graphical outline of the major periods and events in the execution of this study.  

A more detailed study schedule is provided in Table 4.   
 
Study Day (SD or Day) is an alternative to calendar dates, allowing scheduling of events relative to 

each other irrespective of calendar date.  A Study Day-based schedule also provides an easy means of 
quantifying periods, thereby facilitating analysis of time-based trends.  By convention, the first day of 
treatment is designated as Day 0, so Study Days before this event have negative numbers (e.g. Day -10) 
and days after treatment have positive numbers.  For this study, Study Day 0 was the first day 
mesocosms were exposed to OSPW (May 23, 2017).  Study Weeks (Week) are, as one might expect, 
composed of 7 consecutive Study Days. 
 

In order to facilitate the logistics of a complex and time-consuming treatment procedure, the 
mesocosms were split into 3 cohorts treated on consecutive days.  The cohorts are discussed in Section 
2.6.  

 
Active mesocosm experimentation was complete by September 22, 2017 (Day 122) with data 

analysis and reporting occurring in the following months.  Originally, it was assumed that 3 to 6 
mesocosms from CTRL2 would be maintained over the winter of 2017/2018.  However, the DPL decided 
on August 2, 2017 (Day 71) to overwinter the entire project such that active experimentation could re-
commence in the spring of 2018.   
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Table 4.  Calendar dates, Study Days, and Study Weeks. 
 

Item  Cohort Date(s) Study 
Day(s) 

Study 
Week(s) 

Receive river water  
(Athabasca River water at ~36 m3 per day) All April 18, 21, 24 to 26, 28, 

May 1 to 5, 2017 

-35, -32, -29 to 
-27, -25, -22 to 

-18 
-5 to -3 

Receive OSPW  All May 8, 9, and 10, 2017 -15, -14, -13 -2 
Receive dFFT All May 26 and 29 3 and 6 0 and 1 

Commissioning All May 1 to May 10, 2017 -22 to -13 -3 to -2 
Allocation of mesocosms to groups All April 26, 2017 -27 -4 

Addition of unconditioned soil to CTRL1 
mesocosms All May 1 and 3, 2017 -22 and -20 -3 

Sediment inoculation All May 5, 2017 -18 -3 
Source material characterization: conditioned and 

unconditioned soil  All May 5, 2017 -18 -3 

Source material characterization: OSPW and river 
water quality – laboratory measurement All May 19, 2017 -4 -1 

Source material characterization: river water 
quality – field measurement All May 19, 2017 -4 -1 

Source material characterization: dFFT 

A May 30, 2017 7 

1 B May 31, 2017 8 

C June 1, 2017 9 

Homogenize mesocosms (Round 1) All May 10 to 12, 2017 -13 to -11 -2 
Homogenize mesocosms (Round 2) All May 16 and 17, 2017 -7 and -6 -1 

Homogenize OSPW All May 18, 2017 -5 -1 

Establishment period 
A May 10 to 23, 2017 -13 to 0 

-2 to 0 B May 10 to 24, 2017 -13 to 1 
C May 10 to 25, 2017 -13 to 2 

Install data loggers in CTRL mesocosms All May 12, 2017 -11 -2 

Treatment (OSPW) 
A May 23, 2017 0 

0 B May 24, 2017 1 
C May 25, 2017 2 

Treatment (dFFT) 
A May 30, 2017 7 

1 B May 31, 2017 8 
C June 1, 2017 9 
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Item  Cohort Date(s) Study 
Day(s) 

Study 
Week(s) 

Exposure period All May 23 to September 22, 
2017 0 to 122 0 to 17 

Water quality – field measurements  

A Every Tuesday from May 30 
to September 19, 2017 

Every 7 days 
from 7 to 119 

1 to 17 B Every Wednesday from May 
31 to September 20, 2017 

Every 7 days 
from 8 to 120 

C Every Thursday from June 1 
to September 21, 2017 

Every 7 days 
from 9 to 121 

Plant condition and growth 

A 
Every other Tuesday from 
May 30 to September 19, 

2017 

Every 14 days 
from 7 to 119 

1, 3, 5, 7, 9, 11, 
13, 15, 17 B 

Every other Wednesday from 
May 31 to September 20, 

2017 

Every 14 days 
from 8 to 120 

C 
Every other Thursday from 

June 1 to September 21, 
2017 

Every 14 days 
from 9 to 121 

Water quality – sampling for laboratory analysis 

A May 30, July 25, September 
19, 2017 7, 63, 119 

1, 9, 17 B May 31, July 26, September 
20, 2017 8, 64, 120 

C June 1, July 27, September 
21, 2017 9, 65, 121 

Toxicity sampling 

A May 30, July 25, September 
19, 2017 7, 63, 119 

1, 9, 17 B May 31, July 26, September 
20, 2017 8, 64, 120 

C June 1, July 27, September 
21, 2017 9, 65, 120 

dFFT Pore water jar deployment 

A May 30, 2017 7 

1 B May 31, 2017 8 

C June 1, 2017 9 

dFFT Pore water jar retrieval 

A July 25 and September 19, 
2017 63 and 119 

9 and 17 B July 26 and September 20, 
2017 64 and 120 

C July 27 and September 21, 
2017 65 and 121 
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Item Cohort Date(s) Study 
Day(s) 

Study 
Week(s) 

Zooplankton trap deployment 

A 
May 30, June 27, July 25, 
August 22, September 19, 

2017 

7, 35, 63, 91, 
119 

1, 5, 9, 13, 17 B 
May 31, June 28, July 26, 
August 23, September 20, 

2017 

8, 36, 64, 92, 
120 

C 
June 1, June 29, July 27, 

August 24, September 21, 
2017 

9, 37, 65, 93, 
121 

Zooplankton trap retrieval 

A 
May 31, June 28, July 26, 
August 23, September 20, 

2017 

8, 36, 64, 92, 
120 

1, 5, 9, 13, 17 B 
June 1, June 29, July 27, 

August 24, September 21, 
2017 

9, 37, 65, 93, 
121 

C 
June 2, June 30, July 28, 

August 25, September 22, 
2017 

10, 38, 66, 94, 
122 

Hester-Dendy (macroinvertebrate) sampler 
deployment 

A May 30, July 4, August 8, 
2017 7, 42, 77 

1, 6, 11 B May 31, July 5, August 9, 
2017 8, 43, 78 

C June 1, July 6, August 10, 
2017 9, 44, 79 

Hester-Dendy (macroinvertebrate) sampler 
retrieval 

A July11, August 15, 
September 19, 2017 49, 84, 119 

7, 12, 17 B  July 12, August 16, 
September 20, 2017 50, 85, 120 

C July 13, August 17, 
September 21, 2017 51, 86, 121 

Periphyton slide deployment 

A May 30, June 27, July 25, 
August 22, 2017 7, 35, 63, 91 

1, 5, 9, 13 B May 31, June 28, July 26, 
August 23,  2017 8, 36, 64, 92 

C June 1, June 29, July 27, 
August 24, 2017 9, 37, 65, 93 

Periphyton slide retrieval 

A June 13, July 11, August 8, 
September 5, 2017 

 21, 49, 77, 
105 

3, 7, 11, 15 B  June 14, July 12, August 9, 
September 6, 2017 22, 50, 78, 106 

C June 15, July 13, August 10, 
September 7, 2017 23, 51, 79, 107 
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Item  Cohort Date(s) Study 
Day(s) 

Study 
Week(s) 

Decision to extend study into 2018  All August 2, 2017 71 10 

Plant harvest for biomass measurements 
A September 19, 2017 119 

17 B September 20, 2017 120 
C September 21, 2017 121 

Compilation and analysis of data All October 3, 2017 to April 30, 
2018 133 to 342 19 to 49 

Draft report issued All June 22, 2018 395 56 

DPL review of draft report  All June 22, 2018 to September 
7, 2018 395 to 472 56 to 67 

Final report issued  All October 11, 2018  506 72 
 

2.4 Reception of Materials 

2.4.1 River Water 
Due to very wet weather conditions, the gravel track connecting the main InnoTech site to the 

mesocosm facility was impassable by vehicles larger than a pickup truck in April and early May of 2017 
(Figure 7).  This necessitated the use of long hoses to transfer river water from the parked tanker to the 
holding tanks at the mesocosm facility.   

 
Figure 7.  Early spring 2017 road conditions 

 
The blue hose on the right side of the road was used to transfer river water from the tanker truck (not shown) to the river 

water holding tanks 
 
River water was transferred from the tanker to the mesocosms in a two-step process designed to 

ensure no mesocosm was left only partially filled overnight.  The stability of a floating tank in high winds, 
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should they have arisen, was uncertain.  Scheduling mesocosm filling so that no inner tank was left 
floating was a more prudent plan than risking an overturned tank. 

 
Tanker offload:  Upon arrival, the tanker truck was emptied into free-standing 15.9 m3 polyethylene 

holding tanks identical to those used as the inner tank of the mesocosms (i.e. Flexahopper model 
OT3500) (Figure 4).  Initially, this was accomplished using a single 2” diameter flat hose.  Later, a Y-piece 
was used at the tanker offload point so that two such hoses could be used simultaneously.  Once the 
second hose was added, offload speed could be increased to approximately 0.6 m3/min. 

 
Mesocosm fill:  Once the tanker was offloaded, river water from filled holding tanks was transferred 

to mesocosms.  Partially filled holding tanks were left undisturbed until the next tanker arrived, when 
filling was completed.  The procedure for filling mesocosms with river water was as follows: 

1.) Vegreville surface water, which had filled the inner tanks since construction of the facility in 
2016, was pumped to the jacket, causing the inner tank to float (Figure 8). 

2.) Athabasca river water was pumped from the holding tanks to the mesocosms while jacket water 
was simultaneously pumped to the drainage ditch.  Failing to pump water from the jacket to the 
ditch would allow water to overflow the sides of the outer tank, saturating the immediate area, 
making work more difficult.  

3.) The inner tank was guided to a more or less central position by hand and rotated so the 
overflow spigots were aligned.   

4.) Once approaching the bottom, the tank was pinned in place by one operator putting all of his 
body weight on the rim of the inner tank.  This pin was maintained until the inner tank touched 
down on the floor of the outer tank.  The pumps were then shut off and the hoses removed 
from the tanks.   Adjustments to inner and outer water levels were made after homogenization 
was complete (Section 2.5.8). 
 

 
Figure 8.  Floating inner tank 

 
Note the hose running over the top of the goal post. 
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Stainless steel, not plastic, diffusers were attached to all inflow and outflow hoses during mesocosm 
filling.  When attached to inflow hoses, the diffusers provided a stand-off function, preventing the open 
end of the hose from sealing itself against the floor or wall of the tank.  The weight of the steel diffusers 
kept the end of the discharge hose weighed down, preventing it from lifting out of the tank during full 
power operation.  In addition, the diffusion of discharge into multidirectional streams instead of a single 
stream minimized the propensity of the inner tank to rotate during filling facilitated the placement of 
the inner tank.  Hoses running over the edge of the floating inner tank tended to tip the tank, decreasing 
stability and antagonizing proper positioning.  To avoid these problem, hoses entering the inner tank 
were run over the cross member of the nearest goalpost before dropping down into the inner tank 
(Figure 8).  Rigid suction hose, rather than flaccid discharge hose (also known as flat-hose), was used as 
the final length of hose entering the inner and outer tank.  The rigidity of suction hose minimized 
pinching as it crossed the goalpost cross member and thereby maximized flow. 

 
It should be understood that some level of local surface water (estimated in the tens of litres) was 

always left in the inner tanks before river water was added.  This, combined with some of the material 
attached to the sides of the inner tank, constitutes an unplanned inoculum for the mesocosms. 

2.4.2 dFFT 
A total of 136 steel 55-gallon (208 L) drums containing dFFT were received from Coanda on May 26 

and 29, 2017 (Day 3 and 6) (Figure 9).  The drums were held outdoors until use on May 30, 31, and June 
1, 2017 (Day 7, 8, and 9).  After treatment, empty barrels were placed on wooden pallets resting on 
tarps until collection.  Both empty (120) and unused full (16) barrels were collected on June 21, 2017 
(Day 29) and returned to Coanda’s Edmonton facility. 

 

 
Figure 9.  dFFT barrels 

 

2.4.3 OSPW 
100 m3 of OSPW was transported to the facility by tanker truck once the gravel track had dried out 

enough to allow passage of large vehicles.  OSPW was received in three daily shipments between May 8 
and 10, 2017 and stored in the four most northerly wastewater storage tanks until used.  Unused and 
diluted OSPW (approximately 18m3 in total) was collected on Day 128 (September 28, 2017) and 
shipped to a DPL participant for disposal. 
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2.5 Mesocosm Commissioning and Establishment 
Together, the Commissioning and Establishment phases represent the readying of the mesocosms 

for the execution of an experiment.  Commissioning refers to the installation of internal structures and 
materials including shelving, mesh socks, installed plants, and conditioned/unconditioned soil.  
Commissioning did not begin until all mesocosms had been filled with river water to maintain similar 
scheduling across all mesocosms.  Commissioning was followed by a period known as Establishment.       

 
The Establishment period allowed for the formation of simplified food webs, and homogenization of 

water chemistry and nektonic communities across all mesocosms (SETAC Europe 1991, SETAC 1992, 
Kersting 1994, OECD 2006).  This two-week period began when river water was first circulated 
(homogenized) between mesocosms, and ended at the administration of the test items (treatment).  
Extended establishment periods may be required for future studies if they incorporate longer (i.e. >4 
month) exposure periods. 

 

2.5.1 Identification of the Mesocosms 
Originally, mesocosms were identified using laminated identification placards attached to the 

goalpost immediately west of each mesocosm.   However, these placards tended to detach from their 
attachments in high winds, and degraded over time.  Placards were eventually replaced with laser-
printed tags similar to those used to identify plants within the mesocosm.  Tags contained the following 
information: 

 Mesocosm ID 
 Cohort 
 Group 
 dFFT status (i.e. absent or present) 
 OSPW status (i.e. none, 25%, 50%, or 100%) 

 

2.5.1.1 Allocation to Group 
Mesocosms were randomly assigned to experimental groups to ensure that any effects observed 

were due to differences in treatment or configuration, not uncontrolled environmental factors.  Three 
mesocosms were randomly assigned to six of the experimental groups (TRMT1-TRMT5; CTRL3) while six 
mesocosms were randomly assigned to experimental groups CTRL1 and CTRL2. CTRL1 and CTRL2 
contained a greater number of mesocosms to acquire more data on baseline within-group variability 
and because these were considered to be the groups most likely to be overwintered; an action likely to 
increase within-group variance, requiring larger sample sizes to maintain some level of statistical power.  
However, the DPL elected to overwinter the entire project.  Within each group, mesocosms were then 
randomly assigned to one of three cohorts (A; B; C). The randomization process was done using the SAS 
PROC PLAN procedure (SAS Version 9.4 for Windows; SAS Institute Inc., Cary, NC, USA). A completely 
randomized assignment was used as no clear blocking parameters were identified.  Mesocosm group 
and cohort assignments are provided in Table 5. 
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Table 5.  Allocation of mesocosms to experimental group 
Experimental Group Cohort Mesocosm ID 

CTRL1 

A A2 
E1 

B B3 
E3 

C B5 
G3 

CTRL2 

A C1 
C5 

B D5 
F2 

C B4 
G2 

CTRL3 
A C2 
B F4 
C C4 

TRMT1 
A E4 
B A3 
C F3 

TRMT2 
A D3 
B D1 
C E5 

TRMT3 
A D4 
B B2 
C G1 

TRMT4 
A D2 
B A1 
C E2 

TRMT5 
A F1 
B B1 
C C3 

A map of the facility including mesocosm ID is provided in Figure 14 (Section 2.5.8) 
 

2.5.2 Installation of Shelving 
Four polyethylene shelving units (Figure 5) were installed in each mesocosm to support emergent 
vegetation as shown in Figure 10.  Each shelving unit was composed of up to five interconnecting 
shelves (each 91 cm x 61 cm) which could be added or removed to coarsely adjust the overall height of 
the unit up to a maximum height of 183 cm.  Only 4 levels were used in this study, making the highest 
platform approximately 135 cm above the floor of the mesocosm, or roughly 20 cm below the surface of 
the water under optimal conditions.  The upright elements, which would have supported a fifth level 
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were kept in place as they tended to lock the uppermost level in place.   The shelving units were 
buoyant, and were anchored by 2 clay bricks zip-tied to the bottom shelf.  However, the increased 
specific gravity of 100% OSPW required extra bricks be added to the top level in order to keep the 
shelving units from floating in TRMT4 mesocosms.   

 

2.5.3 Installation of Mesh Socks 
Mesh socks are cylindrical nets composed of UV-resistant polyester suspended from a foam ring 

float (Figure 6).  The socks were designed to contain free-floating submerged vegetation without 
impeding growth or vertical movement in the water column.  By containing free-floating vegetation, 
repeated measures of wet biomass could be obtained without dislodging rooted plants or otherwise 
disrupting the mesocosms.  Containment within the sock also averted the potential spread of this 
vegetation across the mesocosm and shading of the deep regions. 

 
Socks were allowed to float freely in the mesocosm.  A small weight (i.e. a clay brick) was attached 

to the bottom of each sock to maintain a vertical orientation.  The mouth of the sock was kept open 
with a wooden dowel to maintain a more-or-less circular cross-section throughout the length of the 
sock, minimizing the potential for trapping vegetation in a flattened or folded area. 

 

2.5.4 Installation of Vegetation  
During the commissioning period, above-ground plant material was trimmed from T. latifolia and C. 

aquatilis.  This was done to avoid confounding the measurement of 2017 growth (as measured by 
above-ground wet biomass) with that of 2016.  No similar trimming was conducted on P. zosteriformis 
because little above-ground plant material was observed for this species and the location of 
overwintering turions (leafy buds – Figure 10) along its stem meant any such trimming may prevent 
growth in 2017.  C. demersum was harvested from all deep supply ponds, mixed in a single container, 
and divided into equal masses of apparently healthy vegetation (25 g each) which were then deposited 
into the mesh socks contained within each mesocosm. 

 
Within each mesocosm, pots were arranged as per Figure 11.  Pots resting on the floor of the 

mesocosm (P. zosteriformis pots) were accessible by means of a line (baling twine) attaching the pot to a 
foam float. 

 
It was intended that all mesocosms, save those three assigned to CTRL3, would contain 4 pots of C. 

aquatilis, 4 pots of T. latifolia, 2 pots of P. zosteriformis, and one sock containing C. demersum.  
However, insufficient numbers of obviously viable plants were available to achieve these targets.  As of 
the day immediately prior to test item administration (May 22, Day -1), only 78 pots of C. aquatilis and 
69 pots of T. latifolia showed signs of growth.  This represented roughly 50 – 60% of the plugs planted in 
2016.  The degree to which these rates represented overwintering losses or plants which were just slow 
to begin growing was uncertain.  However, rather than risk widely disparate plant loads across 
mesocosms, it was decided to distribute those pots showing obvious growth evenly.  This resulted in 2 
pots of C. aquatilis and 2 pots of T. latifolia being installed in all non-CTRL3 mesocosms.   
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P. zosteriformis presented additional challenges.  No growth was apparent in any of the P. 
zosteriformis pots at Day -1.  Rather than disturb the mesocosms further, all P. zosteriformis pots were 
left in place (except those from CTRL3) on the assumption that none had survived the winter. 

 
Sufficient obviously viable (i.e. green) C. demersum was available at Day -1 for 25 g to be deposited 

in each mesh sock. 
 
Plastic cross-cut stakes (42 cm) were installed in pots containing T. latifolia and C. aquatilis.  A pre-

printed water and UV resistant label was attached to each stake.  Each label contained the following 
information:  

 
 Mesocosm ID 
 Plant species 
 Plant replicate # 

 
P. zosteriformis and C. demersum were identified by affixing a similar tag to pot and sock floats, 

respectively.  Replicate numbers were assigned according to pot position as shown in Figure 11.     
 
 

 

 
Figure 10.  P. zosteriformis turion 
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Figure 11.  Mesocosm layout 

 
The large outer circle represents the wall of the inner tank.  Rectangles represent the top of installed shelving units.  Small 
circles represent pots containing rooted plants and conditioned soil.  The circle labelled Cd represents the free-floating 
mesh sock.  Ca = Carex aquatilis, Cd = Ceratophyllum demersum, Tl = Typha latifolia, Pz = Potamogeton zosteriformis. 
Dotted circles represent the dFFT sample bottles installed in TRMT3 mesocosms   
 

2.5.5 Installation of Unconditioned Soil 
Unconditioned soil was added to the CTRL1 mesocosms as follows: 
 
1.) The inner tank water level was reduced by 15 cm to accommodate the volumetric equivalent of 

a 20 cm soil layer. 
 

2.) The telehandler was used to drop soil into the mesocosm until the water surface returned to its 
original level (Figure 12). 

 
During the planning stages, it was assumed that a more complicated procedure involving evacuation 

of both the inner and outer tanks would be used to install an unconditioned soil layer in CTRL1 
mesocosms.  Such an approach may have produced a flatter soil layer and mitigated an increase in initial 
turbidity.  However, the high groundwater conditions at the beginning of May 2017 precluded this 
degree of evacuation.  While the telehandler method did produce a somewhat peaked topography (the 
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thickest and thinnest areas seem to vary by something on the order of 5 cm), soil did cover the entirety 
of the tank bottom.  While suspended material did appear elevated in CTRL1 mesocosms immediately 
after soil addition, settling occurred quickly enough and homogenization effective enough that turbidity 
was not significantly different between the CTRL groups once data collection began (Section 2.5.8.1).  
However, a fairly thick layer of floating organic material was observed following addition of the soil 
(Figure 13).  This material was skimmed off, using pool skimmers, over the next several days. 

 
In an effort to confer a more natural invertebrate community, each mesocosm was inoculated with 

a small volume of sediment collected from a nearby pond.  More than 60 L of sediment was collected 
and mixed thoroughly in a large tub prior to division into 2 L aliquots.  The 2 L aliquots were then poured 
into each of the mesocosms.   

 
There was some discussion on whether unconditioned soil should be added before or at the time of 

dFFT administration.  Ultimately, unconditioned soil was added prior to dFFT administration for largely 
logistical reasons. 

 
The first consideration centers on the limited availability of the telehandler.  Other forklifts without 

the telescopic boom were not suitable for the installation of a sediment layer.  With only one 
telehandler available for limited periods of time, and the need to use it for the administration of both 
unconditioned soil and dFFT, it was prudent to minimize conflict between unconditioned soil and dFFT 
administration.   

 
The other logistical reason was based on scheduling, manpower, and the novelty of the project.  

During project planning, it was not clear how long it would take to administer dFFT and unconditioned 
soil, nor was it clear how many people could be obtained to do the work.  In the face of this uncertainty, 
it was prudent to spread out the workload as broadly as possible so that manpower could be utilized as 
it became available. 

 
Since dFFT was not available until a few days prior to its administration, there was little option but 

to add unconditioned soil before adding dFFT.  Unfortunately, this made some processes (e.g. changes in 
turbidity) less comparable between CTRL1 and TRMT1.  However, given the compositional differences 
between dFFT and soil, little could be learned from such comparisons, even under ideal circumstances.  
Soil was added to the CTRL1 mesocosms on May 1 and 3, 2017 (Days -22 and -20).  This allowed 
suspended materials approximately 1 week to settle before homogenization (Section 2.5.8).  By allowing 
the remaining suspended and dissolved materials to be spread across the entire facility during 
homogenization, comparisons between CTRL1 and CTRL2 were made more indicative of the effects of 
the presence of a soil sediment layer, instead of artefacts associated with its installation. 
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Figure 12.  Unconditioned soil installation 

 

 
Figure 13.  Floating organic matter 
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2.5.6 Installation of Data Loggers 
 
The amount, type, and distribution of sediment and plants in a mesocosm (i.e. the mesocosm’s 

configuration) can dramatically affect its structural and functional characteristics.  Among the affected 
functional characteristics is community metabolism, a term denoting the relationship between 
photosynthesis and respiration occurring within the water column.  In so far as this project served as a 
trial run for the mesocosms, it was appropriate to gain some understanding of how different 
configurations can affect community metabolism. 

 
Typically, community metabolism is profiled by monitoring changes in mesocosm pH, conductivity, 

alkalinity, and dissolved oxygen (McConnell 1962, Giddings et al. 1984, Leeuwangh et al. 1994, Cuppen 
et al. 1997, Wilson et al. 2004, OECD 2006, Fairchild 2011, Knauer and Hommen 2012).  Autonomous 
data loggers were installed in 9 of the control mesocosms (i.e. data loggers were installed in 3 
mesocosms from each of the control groups).  These data loggers measured water temperature, 
conductivity (Aqua Troll 100, In-Situ Incorporated, Fort Collins, Colorado, USA) and dissolved oxygen 
(HOBO U26, Onset Computer Corporation, Cape Cod, Massachusetts, USA) every 15 minutes over the 
duration of the project.  While pH is also an indicator of community metabolism, autonomous data 
loggers for this measurement were not installed as their baselines are known to drift substantially over 
time, limiting their value to this study.  There does not appear to be a data logger which can record 
alkalinity on a real-time basis.  By recording data at regular and frequent intervals, diel oscillations in 
community metabolism, which were expected to become more extreme with increasing sediment and 
submerged vegetation, were recorded. 

 
Because the intended purpose of the data loggers was to monitor the effects of configuration, not 

OSPW or dFFT, on community metabolism, none were installed in TRMT mesocosms.  Moreover, the 
expense associated with the purchase of another 42 loggers (21 conductivity, 21 dissolved oxygen) was 
substantial.   

 

2.5.7 Source Material Characterization 
It is understood that the materials used in this study, while reasonably representative of one DPL 

participant/mine site during a particular period, may have differed considerably from those of other 
operators or mine sites or periods of time.  With this in mind, samples of the major abiotic components 
(water and sediment) were collected at, or prior to, test item administration.   
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2.5.7.1 Conditioned and Unconditioned Soil 
On May 5, 2017 (Day -18), pots containing T. latifolia, C. aquatilis, and P. zosteriformis were 

withdrawn from the deep and shallow supply ponds.  Conditioned soil from these pots was combined in 
equal portions to fill two 1 L HDPE bottles.  Unconditioned soil was scraped from the bottom of all CTRL1 
mesocosms using a swing sampler (a telescopic pole to which a sample bottle can be affixed) and used 
to assemble a 2 L composite sample.  A third 2 L sample, composed of the pond sediment used to 
provide an inoculum for the mesocosms was collected from the bulk mixture.  Samples of pond 
sediment, conditioned soil, and unconditioned soil were sent to Maxxam Analytics (9331 – 48 Street, 
Edmonton, Alberta) for the following analyses:   

 
 pH 
 Cation exchange capacity 
 Organic matter 
 Herbicide/pesticide screen 
 Particle size distribution 
 Metals screen 
 Water 

 
The results of these analyses can be found in Appendix E. 
 

2.5.7.2 River Water 
 
Samples of river water were taken from mesocosm C3 on May 19, 2017 (Day -4), 2 days after the 

second round of homogenization (Section 2.5.8).  These samples were sent to InnoTech Alberta’s EAS 
team for the following analyses: 

 
 Alkalinity 
 Calcium 
 Magnesium 
 Iron 
 Hardness (calculated) 
 Chloride 
 Fluoride 
 Nitrate  
 Nitrite 
 Orthophosphate 
 Total phosphorus 
 Total dissolved phosphorus 
 Potassium 
 Sodium 
 Sulfate 
 Sum of anions 

 Sum of cations 
 BOD 
 COD 
 Total solids 
 Total suspended solids 
 Total dissolved solids 
 Phenols 
 DOC 
 BTEX 
 Alkylated and non-alkylated PAHs 
 Orbitrap profile of naphthenic acids 
 Metals 
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Sample volumes, containers, and collection methods are described in Section 2.7.2. 
 
Originally, total phenols were to be measured.  However, due to a communication error between 

EAS and their subcontractor, a profile of phenolic compounds was provided rather than a total phenols 
measurement.   

 
Duplicate samples for naphthenic acids and metals were sent to a DPL participant for analysis. 
 
The results of these analyses can be found in Appendix E. 
 

2.5.7.3 OSPW 
 
On May 19, 2017 (Day -4), a sample of OSPW was collected from the most northerly wastewater 

storage tank, and sent to InnoTech Alberta’s EAS team for the following analyses: 
 

 Calcium 
 Magnesium 
 Iron 
 Hardness (calculated) 
 Chloride 
 Fluoride 
 Nitrate 
 Nitrite 
 Potassium 
 Sodium 

 Sulfate 
 Sum of anions 
 Sum of cations 
 BOD 
 COD 
 DOC 
 BTEX 
 Alkylated and non-alkylated PAHs 
 Orbitrap profile of naphthenic acids 
 Metals 

Sample volumes, containers, and collection methods are described in Section 2.7.2. 
 
As with the river water samples, a profile of phenolic compounds was provided rather than a total 

phenols measurement.   
 
Duplicate samples for naphthenic acids and metals were sent to a DPL participant for analysis. 
 
The results of these analyses can be found in Appendix E. 
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2.5.7.4 dFFT 
 
During the administration of dFFT (Day 7 to 9, Section 2.6.3), 50 mL samples of gelled dFFT were 

collected from the sixth barrel emptied into each mesocosm.  After the completion of treatment, these 
samples were combined into a single composite sample, and sent to Maxxam Analytics (Edmonton) for 
the following analyses: 

 
 Particle size distribution 
 Bitumen 
 Water 
 Solids 
 Clay 

 
A duplicate sample was sent to a DPL participant for oil, water, solids, and particle size distribution 

analysis. 
 
The results of these analyses are available in Appendix E. 
 
In addition, three 1 L HDPE bottles were filled on Day 7, 8, and 9 with dFFT and sent to InnoTech 

Alberta’s Processing Technologies group for pore water extraction.  Once extracted, the pore water was 
forwarded to the EAS team for analysis of ions as described in Table 7 in Section 2.7.2. 

 

2.5.8 Homogenization 
Homogenization was undertaken to minimize chemical and biotic differences between mesocosms 

before the administration of test items.  By minimizing these differences at the beginning of the 
experiment, within-group variation is reduced, and statistical power of the study is maximized.  Such 
procedures are standard practice in mesocosm-based research (SETAC Europe 1991, SETAC 1992, Brain 
et al. 2004, Sanderson et al. 2004, Van den Brink et al. 2005, OECD 2006). 

 
On the first day of the establishment period (May 10, Day -13) river water was circulated between 

mesocosms within rows, starting with Row A and ending with Row G using a siphon-based strategy 
which exploited the natural northwest-to-southeast slope of the site (Figures 14 and 15).  Two-inch 
diameter suction hoses were filled with water, plugged, and placed such that their ends were 
submerged in adjoining mesocosms.  A hose from the easternmost mesocosm fed a gas-powered return 
pump which discharged to the western-most mesocosm.  To begin circulation, plugs were removed from 
the hoses and eastward gravity-driven flow allowed to proceed.  Once the water level in the 
easternmost mesocosm approached the level of the overflow spigot, the pump was started and allowed 
to run at minimum speed (approximately 227 L/min).  Because even minimum pump speed produced 
flows well in excess of those produced by gravity, the pump was only run for 10- to 15-minute periods, 
or until the level of the westernmost mesocosm approached the overflow spigot.  The pump was then 
shut off, and water allowed to accumulate in the easternmost mesocosm once again.  This cycle was 
repeated over a period of at least 2 hours for each row.  On the second and third days of the 
establishment period (May 11 and 12, Day-12 and -11), the homogenization procedure was repeated on 
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a column by column basis starting with Column 1 and ending with Column 5.  For columns, gravity flow 
was in a southerly direction with the pump used to return water to the most northerly mesocosm.  By 
the end of May 12, each row and column of the facility had undergone homogenization, comprising the 
first round of the procedure.  A second round was conducted on May 16 and 17, 2017 (Day -7 and -6 
respectively).   

 
Originally, pumps between mesocosms were to be used to force circulation within rows or columns.  

However, when this approach was attempted on May 11, it was found to be too taxing on the operator 
who must adjust the speed of each pump to account for changing water levels in each mesocosm.  
Should even one pump run out of gas or one feed hose emerge from the water, all pumps had to be 
shut down and all hoses withdrawn from the mesocosms until the issue had been resolved.  Failure to 
do so would result in overflows of some mesocosms and volume depletion of others.  The siphon-based 
strategy, while slower, was much more manageable.   

 
Data sonde readings were taken before the first round, between the first and second rounds, and 

after the second round of homogenization.  The results suggest that each round of homogenization was 
associated with a halving of the standard deviation of most parameters across the entire facility.  No 
significant differences were found between experimental groups in any of the data sonde parameters 
prior to administration of OSPW (Table 6).  

 

 
Figure 14.  Mesocosms designated by row (letters) and column (numbers) 
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Figure 15.  Homogenization by column 

 
Note the overflow tanks have risen out of their culverts due to high groundwater. 

2.5.8.1 Testing Homogeneity 
 

For the purposes of water quality, the term ‘field measurement’ refers to the collection of data by an YSI 
EXO2 data sonde (a field unit containing multiple sensors that can measure ambient levels of a number 
of standard water chemistry variables).  Data sonde measurements of pH, conductivity, dissolved 
oxygen, temperature, and turbidity were taken approximately 0.8 m below water level in all mesocosms 
on May 19, 2017 (Day -4) to document the level of chemical homogeneity achieved across mesocosms 
prior to treatment. 
 
As shown in Table 2.3 of Data Analysis report (Appendix A), none of the parameters differed significantly 
across mesocosms at Day -4. 
 
Data sonde operation is described in Section 2.7.1. 
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2.6 Treatment  
 
Figures 16 and 17 provide a schematic overview of the mesocosm treatment procedure.  The 

treatment procedure was split across two weeks.  Treatment with OSPW occurred between May 23 and 
25, 2017 (Day 0 to 2) whereas treatment with dFFT occurred between May 30 and June 1, 2017 (Day 7 
to 9).  This split reduced the probability of errors during treatment by reducing the number of 
procedures which had to be conducted simultaneously.  In retrospect, it also allowed one extra week for 
the generation of dFFT at Coanda. 

 
Completely evacuating, to the degree possible, and refilling all mesocosms would have kept the 

level of physical disturbance associated with OSPW and dFFT administration uniform across all 
experimental groups.  However, substantial groundwater was present at the time of test item 
administration as the dewatering system had yet to be installed.  Complete evacuation could have 
resulted in buoyant ejection of the mesocosms.  As a result, evacuation of mesocosms was minimized 
despite the potential confounding effects (i.e. only TRMT4 mesocosms were completely evacuated, all 
other experimental groups were only half evacuated).  In the original study plan, dFFT was to be 
generated on-site and deposited sub-aqueously into the mesocosms.  However, as discussed in Section 
2.2.1.4, on-site generation was deemed to be impractical by Coanda.  Instead, dFFT was generated at 
Coanda’s Edmonton Facility then shipped to Vegreville in steel drums.  Those drums were emptied into 
the mesocosms using a telehandler and a drum carrier (Morse Manufacturing Company Inc., Syracuse, 
New York, USA) as shown in Figure 18.   

 
Upon opening the steel drums, it was observed that a significant amount of hydrocarbon was 

floating on top of the release water (Figure 19).  According to personnel working for the DPL participant 
supplying dFFT, this amount of hydrocarbon was more than expected and may reflect the absence of a 
skimming step normally applied to the generation of the dFFT.  According to these personnel, such a 
step would be required were the dFFT to be deposited in an EPL.  After conferring with their superior, it 
was decided that some effort to skim off this hydrocarbon in the drums and mesocosms was 
appropriate.  However, as can be seen in Figure 20, significant hydrocarbon was still present in the 
mesocosms after the skimming step was completed.   
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Figure 16.  Mesocosm treatment flowchart for Day 0 to 2 

 
 
 

 
Figure 17.  Mesocosm treatment flowchart for Day 7 to 9 
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Figure 18.  dFFT administration 

 

 
Figure 19.  Hydrocarbon floating on release water 
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Figure 20.  Hydrocarbon floating in mesocosm 

 
 
Mesocosms assigned to cohort A, B, and C were treated on consecutive Tuesdays, Wednesdays, and 

Thursdays respectively.  Thus, cohort A received OSPW and dFFT on Day 0 & 7, cohort B on Day 1 & 8, 
and cohort C on Day 2 & 9.  Primarily, this division was made out of logistical necessity.  Given the 
complexity of the treatment procedure, and the time required for its execution, more than 10 
mesocosms could not have been treated in one day.  In addition, this arrangement spreads temporal 
variation evenly across all groups, minimizing any confounding effect due to differences in treatment 
date.  This arrangement was maintained for all procedures through to the last day of data collection 
(Day 122).     

 
Treatment was accomplished by two crews (three people per crew) working simultaneously.  During 

the week of Day 0, Crew 1 was responsible for mesocosms in all CTRL groups, and the TRMT1 group (i.e. 
those which do not contain OSPW) while Crew 2 was responsible for remaining (OSPW containing) TRMT 
groups.  During the week of Day 7, Crew 1 was responsible for collecting measurements and samples 
from all mesocosms, whereas Crew 2 was responsible for treatment of TRMT1, TRMT2, TRMT3, and 
TRMT4 mesocosms.   

2.6.1 Treatment Procedure on Study Days 0, 1, and 2 
 
Crew 1  
1. Installed vegetation was removed from the mesocosm and put aside.  In warm conditions, P. 

zosteriformis and C. demersum were placed in buckets filled with mesocosm water to avoid 
dessication.  This was not necessarily done when working in the rain. 
 

2. 50% of the river water was evacuated (reduced to 80 cm depth) into two utility tanks using 
stainless steel diffusers.  A utility tank is a 5 m3 open-top tank made of the same polyethylene 
material as the mesocosms (Flexahopper model OT1100).  These tanks can be tipped and rolled 
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by hand (i.e. no heavy equipment is required).  The ability to move these tanks from one 
location to another whenever needed expedited the treatment process.  Utility tanks were 
placed on a pair of 2”x4” planks such that the ends of the boards stuck out from underneath the 
tank on one side.  These boards were used to increase leverage when tipping the utility tank on 
its side.  A polypropylene standoff pylon was then placed under the raised portion of the tank to 
maintain a slight angle (Figure 21).  This technique was particularly useful when attempting to 
get the last remaining volume out of a utility tank. 

 
 

 
Figure 21.  Utility tanks with boards and pylons 

 
Note the “green” (clean water) utility tank with boards and pylon in the foreground and the “red” (contaminated 

water) utility tanks in the background 
 

3. River water was replaced (again using stainless steel diffusers).  The inner tank was guided, by 
hand, into a more-or-less central position prior to touchdown as described in Section 2.4.1. 
 

4. Installed vegetation was replaced: 
 
Crew 2 
1. Installed vegetation was removed from the mesocosm and put aside as per the procedure 

described for Crew 1.   
 

2. The mesocosm was evacuated and refilled according to experimental group. 
For TRMT2 

a. 50% of the river water was evacuated into two utility tanks.   
b. The mesocosm was filled to 75% of operating volume (118 cm depth) with OSPW 

pumped directly from the wastewater storage tanks.  Hand signals or portable radios 
were used to communicate with a crew member operating a gas-powered pump 
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stationed at the wastewater tanks.  Ball valves at the pump and at the mesocosm were 
used to prevent siphoning the wastewater tank and unnecessary spillage of OSPW. 

c. The mesocosm was filled to 100% operating volume (155 cm depth) with river water 
from the utility tanks. 

For TRMT3 and TRMT5 
a. 50% of the river water was evacuated into two utility tanks or to the drainage ditch if 

sufficient river water was already available to make up any volume deficits.   
b. The mesocosm was filled to 100% operating volume with OSPW pumped directly from 

the wastewater storage tanks.   
For TRMT4 

a. 100% of the river water was evacuated.  Most of this water was pumped directly to the 
drainage ditch, however some portion was typically held back in utility tanks if only as 
make up water for volume deficits. 

b. The mesocosm was filled to 100% operating volume with OSPW pumped directly from 
the wastewater storage tanks.  This was done as quickly as possible to minimize the 
period during which the outer tank was experiencing a substantial buoyant force from 
accumulated groundwater. 
 

3. Installed vegetation was replaced. 
 

4. Any river water which remained in the utility tanks at the end of the day was discharged to the 
drainage ditch. 

 

2.6.2 Treatment procedure for Crew 1 on Study Days 7, 8, and 9 
 
1. Initial data and samples were collected from all mesocosms.  These data and samples were 

collected immediately for mesocosms in CTRL1, CTRL2, CTRL3, and TRMT5, but only after dFFT 
administration in all other experimental groups.  It was understood that by sampling soon after 
treatment, some variables (e.g. turbidity) showed transitory effects related to the dFFT 
administration process itself.   
 

2. Water quality field measurements were taken using the YSI EXO2 data sonde as described in 
Section 2.7.1. 
 

3. Water samples for analytical chemistry and toxicity were collected as described in Sections 2.7.2 
and 2.7.4. 
 

4. Height of T. latifolia and C. aquatilis and wet biomass of C. demersum was measured as 
described in Section 2.7.3. 
 

5. Periphyton samplers were deployed as per Section 2.7.5. 
 

6. Zooplankton traps were deployed and recovered as per Section 2.7.7. 
 

7. Hester-Dendy samplers were deployed as per Section 2.7.6. 
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2.6.3 Treatment procedure for Crew 2 on Study Days 7, 8, and 9 
 
1. Water was evacuated from the jacket until the level was reduced by approximately 15 cm.  The 

jacket water was pumped directly to the drainage ditch.  This was done to prevent the inner 
tank from floating when its water level was reduced in Step 2.  
 

2. Water was evacuated from the inner tank into a separate utility tank until depth was reduced to 
approximately 137 cm.  By pumping this water to a utility tank instead of the wastewater 
storage tanks, it was available to replenish inner tank volume in case the dFFT was insufficient to 
return water levels to their original height.  For TRMT1 mesocosms, this water was pumped to a 
“clean” utility tank, identified with green duct tape and located on the east side of the facility.  
For TRMT2, TRMT3, and TRMT4, the water was pumped to a “dirty” utility tank identified with 
red duct tape and located on the west side of the facility (Figure 21).    However, the final water 
levels were close enough to their operating level (+/- 2 cm) that adjustment was not required. 
 

3. dFFT was shipped to the Vegreville site on May 26 and 29, 2017 (Day 3 and 6).  Steel drums 
containing dFFT were stored outdoors until needed.  Prior to use, the drums were opened and 
hydrocarbon floating on the release water partially removed with a combination of paper towels 
and household strainers (Figure 22).  The lids were then replaced.  The telehandler was used to 
carry each drum from the storage area to the mesocosm undergoing treatment.  The lid was 
removed from the drum and the telehandler boom extended such that the drum was positioned 
centrally over the mesocosm.  The drum was then rotated, allowing its contents to fall into the 
mesocosm (Figure 18). 
 

 
Figure 22.  Skimming hydrocarbon from release water 
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After the drum was empty, it was rotated back to an upright position, the boom retracted, and 
the drum lid replaced. The empty drum was then carried back to a storage area where it was 
placed on a wooden pallet which itself had been placed atop a polypropylene tarp.  This cycle 
was repeated 10 times for each mesocosm receiving dFFT. 
 
Samples of the gelled dFFT were collected from the sixth drum emptied into each mesocosm.  
The sixth drum also served as the source of gelled dFFT used to fill the 1 L HDPE bottles from 
which dFFT pore water was collected. 
 
Empty drums remained in the storage area until June 21, 2017 (Day 29) when they were 
collected and shipped back to Coanda (Section 2.2.1.4.5). 

 
4. After the deposition of dFFT in a TRMT3 mesocosm, six of the dFFT-filled HDPE bottles described 

in Step 3 were tied to floats and lowered to the sediment surface at the 3 o’clock (east – 3 
bottles) and 9 o’clock (west – 3 bottles) positions (Figure 10).   An additional set of three dFFT-
filled bottles was sent to the Processing Technologies group as per Section 2.7.8. 
 

5. Jacket volume was replaced with water collected from the overflow culverts (groundwater), 
overflow tanks (snow melt water), or “clean” utility tanks. 

 
6. Withdrawn mesocosm water was pumped from the “dirty” utility tanks to the wastewater 

storage tanks for storage until pickup (Section 2.2.1.5.4).  Upon completion of dFFT treatment, 
these utility tanks were rinsed out, and the rinse water stored in the wastewater storage tanks 
until collection. 

 

2.7 Observations and Sampling 

2.7.1 Water Quality – Field Measurement 
Field measurement data (i.e. those data collected via the YSI EXO2 data sonde) were collected once 

every 7 days at three depths per mesocosm.  Data were collected at depths of 17 cm, 80 cm, and 125 
cm, instead of the 0 cm, 80 cm, and 140 cm called for in the original Study Plan.  Collecting data at 0 cm 
proved to be problematic because the sensor heads are covered by a protective cowling during 
operation and are not visible to the operator.  As a result, it is difficult to know when all sensor heads 
are just below the surface of the water.  Furthermore, in order to have all of the sensor heads just barely 
beneath the surface of the water, the sonde would need to enter the water nearly vertically, lest a slight 
angle cause one or more of the sensor heads to rise out of the water.  The operator would have to 
support almost the entire weight of the sonde using his outstretched arm for the 6 to 8 minutes 
required for sensor stabilization.  This proved to be a feat of strength beyond our personnel.  Instead, 
the sonde was leaned against the rim of the inner tank and lowered until the water level contacted an 
easily visible demarcation on the body of the sonde (see Appendix D for details).  This approach allowed 
readings to be taken at a consistent depth approximately 17 cm below the surface.   

 
While the 80 cm sampling depth was left unchanged from the original study plan, measurements 

planned for 140 cm were raised to 125 cm.  There was concern that if and when the sonde contacted 
the sediment surface, be it soil or dFFT, a plume of suspended particles would be raised, distorting 
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turbidity measurements.  These contact events were made more probable by uneven sediment layers, 
mesocosms which were installed slightly off level (up to 5 cm of tilt in some cases), the planned 
reduction in nominal operating level from 160 cm to 155 cm, and evaporative water losses.  To avoid 
contact with the sediment layer, the deepest field measurements were made at 125 cm instead of the 
originally planned 140 cm.  The 17 cm measurements required that most of the sonde be above water 
level during stabilization and measurement, making manual support the most expedient option.  
However, for the 80 cm and 125 cm measurements, the sonde was supported by a garden rake and a 
wooden board.   

 
Data were collected using the EXO2 handheld device which records data under a series of “active 

sites”.  In this study, each active site corresponded to a specific depth within each mesocosm.    For 
example, mesocosm E4 would have three active sites named E4 – 0, E4 – 80, and E4 – 140 corresponding 
to the shallow, mid, and deep depths respectively.   The reader should note that the active sites were 
named, and initial data recorded, before sampling depths were adjusted as described in the preceding 
paragraphs.  Rather than complicate data collection, the original active site names were maintained 
throughout the study.  Sample depths, however, were adjusted for data analysis (Appendix A).    
Additional sample sites were named for quality control (QC) measurements.  QC measurements, 
identifiable by the letters “QC” in the active site name, were collected throughout the day.  These 
measurements were taken by immersion of the sonde sensor heads in a bucket of water collected from 
a single source for the day, typically the shallow supply pond.  A new bucket of water was gathered from 
the supply pond for each QC measurement.  The goals of the QC measurements were to detect 
malfunctions in the sonde (none were detected) and to document changes in water quality parameters 
(e.g. pH) which occurred within the 3 to 5 hour period it took to collect a day’s data.   

 
Data were downloaded from the handheld unit to a laptop by the end of each week.  Data were 

then copied to a network drive which was backed up nightly.  It was only after analysis that data were 
deleted from the handheld unit. 

 
While a range of parameters were collected, only pH, specific conductivity (μs/cm), optical dissolved 

oxygen (mg/L), turbidity (FNU), and temperature (°C) were analyzed.  These were considered the most 
valuable parameters for analysis.  Other parameters (e.g. raw conductivity, percent oxygen saturation) 
were derived values or uncorrected for confounding variables, were considered of lesser value, and not 
analyzed.  Oxidation/reduction potential (ORP) was recorded but not analyzed.  It was observed that the 
ORP sensor often took more than 30 minutes to stabilize.  This period was too long to be operationally 
feasible given the data collection schedule (30 active sites per day).  As a result, the ORP data were not 
reliable and were not analyzed.   

 

2.7.2 Water Quality – Laboratory Measurement 
Grab samples were collected just below the water surface in the mesocosms at the beginning (Week 

1), middle (Week 9), and end (Week 17) of the exposure period.  Samples and their corresponding 
analyses are described in Table6.  Following their collection into pre-labelled containers, samples were 
stored on site in chest coolers containing cold packs until they could be transported to the EAS 
laboratories in the main InnoTech building.  Typically, EAS received the samples shortly after collection.  
When samples could not be collected or transported until late in the day, coolers were stored in a 
refrigerated room overnight and received by EAS the following day. 
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Sample analysis and reporting of results was conducted according to EAS standard operating 

procedures (SOPs). 
 

Table 6.  Water chemistry sample types and analytes 

Sample Type Analytes Sample container 

Ions 

Calcium 

500 mL HDPE bottle 

Magnesium 
Iron 

Hardness (calculated) 
Chloride 
Fluoride 
Nitrate 
Nitrite 

Potassium 
Sodium 
Sulfate 

Sum of anions 
Sum of cations 

BOD Biological Oxygen Demand 500 mL HDPE bottle 
COD Chemical Oxygen Demand 125 mL HDPE bottle 

Phenols Sum of phenols 1 L brown glass bottle 
with preservative 

DOC Dissolved Organic Carbon 125 mL HDPE bottle 

BTEX 

Benzene 
2 x 40 mL brown glass 

vials with preservative (no 
air space) 

Toluene 
Ethylbenzene 

Xylenes 

Naphthenic acids 
Profile of roughly molecular isomers 

traditionally categorized as naphthenic 
acids* 

1 L brown glass bottle 

*In this study, the term ‘naphthenic acid’ was used to denote compounds exhibiting specific characteristics.  Those 
characteristics are listed in Section 2.10.3.1. 
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Table 6.  Water chemistry sample types and analytes - continued 

Sample Name Analytes Sample container 

Alkylated and non-alkylated PAH’s 

1-Methylnaphthalene 

1 L brown glass bottle 

2-Methylnaphthalene 
Acenaphthene 

Acenaphthylene 
Anthracene 

Benzo(a)anthracene 
Benzo(a)pyrene 

Benzo(b,j,k)fluoranthene 
Benzo(e)pyrene 

Benzo(ghi)perylene 
C1-Chrysene 

C1-Dibenzothiophene 
C1-Fluoranthene/pyrene 

C1-Fluorene 
C1-Phenanthrene/anthracene 

C2-Chrysene 
C2-Dibenzothiophene 

C2-Fluoranthene/pyrene 
C2-Fluorene 

C2-Naphthalene 
C2-Phenanthrene/anthracene 

C3-Chrysene 
C3-Dibenzothiophene 

C3-Fluoranthene/pyrene 
C3-Fluorene 

C3-Naphthalene 
C3-Phenanthrene/anthracene 

C4-Chrysene 
C4-Dibenzothiophene 

C4-Fluoranthene/pyrene 
C4-Fluorene 

C4-Naphthalene 
C4-Phenanthrene/anthracene 

Chrysene 
Dibenzo(ah)anthracene 

Fluoranthene 
Fluorene 

Indeno(1,2,3-cd)pyrene 
Naphthalene 

Perylene 
Phenanthrene 

Pyrene 
Retene 
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Table 6.  Water chemistry sample types and analytes - continued 

Sample Name Analytes Sample container 

Metals – dissolved and total* 

Aluminum 

2 x 125 mL HDPE bottle 

Antimony 
Arsenic 
Barium 

Beryllium 
Bismuth 
Boron 

Cadmium 
Calcium 
Chlorine 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

Lithium 
Magnesium 
Manganese 

Mercury 
Molybdenum 

Nickel 
Phosphorus 
Potassium 
Selenium 

Silicon 
Silver 

Sodium 
Strontium 

Sulphur 
Thallium 
Thorium 

Tin 
Titanium 
Uranium 

Vanadium 
Zinc 

 
*Dissolved metals were defined as those present in the sample after it has been passed through a 0.45 μm filter.  Smaller 

pore sizes may have predisposed the filter to obstruction and subsequent rupture.  Total metals were defined as those present 
in the sample after it had been treated with nitric acid and heated.  No sample filtration was used for total metals analyses. 
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2.7.3 Installed Vegetation 
 
Measurements of plant growth were taken every 14 days starting on May 30, 31, and June 1, 2017 

(Day 7, 8, and 9) for cohorts A, B, and C respectively.  At the same time as plant growth was measured, 
the condition of the plant was observed.  While useful in the interpretation of growth data (e.g. a dead 
plant can be distinguished from a live plant which did not grow), observations of overall condition were 
not subjected to statistical analysis nor are they reported here, save as variables influencing the 
interpretation of growth data. 

Emergent Plants – T. latifolia, C. aquatilis: 
The length of the longest leaf in each pot, from conditioned soil to tip, was measured in centimeters 

using a ruler, or meter stick.  Once a plant was obviously dead, no further measurements were taken.  
No flowering structures were observed in C. aquatilis or T. latifolia during the study. 

Submerged Free Floating Plants – C. demersum: 
The mesh sock containing C. demersum was withdrawn from the mesocosm, all plant material 

removed, and any excess water shaken free.  The plant material was transferred to a small plastic bag.  
Using a spring scale (Pesola Micro-line #20060, 60g x 0.5g), the weight of the plastic bag and its contents 
was determined and recorded.   

 
Any visible extraneous material, usually algal mass known as metaphyton, was to be removed from 

the plant prior to weighing.  Early in the study, very little metaphyton was found adherent to C. 
demersum; that which was present was either trivial in its amount or could be easily removed.  As the 
study progressed, however, this material proliferated in the socks of several CTRL1 and CTRL2 
mesocosms to the point where it could no longer be separated from the plant.  The metaphyton 
confounded measurements of C. demersum biomass in these mesocosms in the second half of the 
study. 

 
Once the C. demersum was cleaned and weighed, the sock was returned to the mesocosm and the 

plant material returned to the sock; this approach prevented the plant material from being “trapped” at 
the bottom of the sock if it folded over.   

 
The weight of the plastic bag plus any residual water was recorded.  Net wet weight of C. demersum 

was calculated by subtracting the weight of the bag and residual water from the gross weight of the bag 
plus plant material.  To avoid weighing errors associated with the effects of wind, the bag and its 
contents were suspended inside a bucket during the weighing procedure. 

 

Submerged Rooted Plants – P. zosteriformis: 
Pots containing P. zosteriformis were installed as per the Study Plan.  However, none of the planned 

data were collected due to A) the presence of little to no growth at the time of installation and B) the 
propensity for turions (over-wintering buds from which a new plant can grow) to float out of their pots 
when disturbed. 
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Unlike the other plants included in this study, P. zosteriformis showed no obviously viable biomass 
when they were installed in the mesocosms.  It was not until July that some P. zosteriformis were 
observed growing in the deep supply ponds and some of the CTRL mesocosms.  By this point, it was far 
too late to redistribute viable plants evenly across treatment groups as had been done for C. aquatilis 
and T. latifolia on Day -1 (Section 2.5.4).  When found in mesocosms, P. zosteriformis was always in a 
location distant from the nearest pot.  Some plants were even found growing in CTRL3 mesocosms, from 
which the pots had been removed on Day -1.  These findings imply that the turions had been disturbed 
by one or more of the procedures conducted during the establishment, commissioning, or treatment 
periods and had floated from their pots to other locations within the mesocosm.  The observation of 
“pot free” P. zosteriformis plants in the deep supply ponds suggests that similar events may have 
occurred as early as 2016, when individuals were first planted in their pots (Section 2.2.1.3). 

 
The separation of P. zosteriformis plants from their pots meant that there was no way to be certain 

of collecting the entire plant for measurement of biomass, particularly when the bottom of the plant 
could not be seen.  As a result, no attempt was made to harvest these plants.  However, it may be of 
anecdotal interest to note that while P. zosteriformis was observed in at least one mesocosm from each 
of the CTRL groups, none were observed in any of the TRMT groups. 

 

2.7.3.1 Plant Harvest and Wet Biomass  
At the end of the study (Day 119, 120, and 121), plant material above the soil line was cut from pots 

containing T. latifolia and C. aquatilis.  This above ground biomass represented growth which had 
occurred in the spring and summer of 2017.    Excess moisture or residual soil particles were shaken off 
before plant material was weighed indoors using a top-loading electronic scale.   

 
Plant material was weighed while fresh, not dried as stipulated in the Study Plan.  This change was 

made in order to accommodate the chemical analyses as described in Appendix B.  The integrity of some 
of the analyses would have been compromised if the plant material had been artificially dried.  In order 
to maintain a consistent methodology across all groups, all emergent plant weights were measured as 
fresh/wet mass. 

 
Mesh socks were removed from the mesocosms.  All remaining and obviously viable C. demersum 

material was gathered from the socks, weighed as described in the preceding section, and frozen. 
 

2.7.4 Toxicity 
Two 20 L water samples were withdrawn from the surface of each tank at Week 1, 9, and 17.  The 

toxicity samples were taken by immersing a polyethylene carboy in the mesocosm and pouring the 
contents into collapsible bladders provided by Maxxam Analytics.  A separate carboy was assigned to 
each experimental group to avoid cross-contamination.  After filling, the bladders were stored in chest 
coolers with a cool pack until they could be transported to the main InnoTech building.  Chest coolers 
and their contents were stored inside a walk-in cooler until all of the week’s sampling had been 
completed.  At the end of the week, cool packs were replaced, and the chest coolers shipped to the 
Maxxam Analytics laboratory in Burnaby, British Columbia for 96-hour rainbow trout (Oncorhynchus 
mykiss) LC50 and Microtox® assays.   
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The trout-based assay exposes young fish to mesocosm water in a dilution series (0%, 6.25%, 12.5%, 
25%, 50%, and 100% v/v) for 96 hours.  A total of 60 fish (10 per dilution) are used to assess the toxicity 
of each sample of mesocosm water.  Mortality at each dilution is used to calculate the concentration at 
which 50% of the fish are expected to die (lethal concentration 50% or LC50).   Microtox® is based on the 
ability of a microorganisms (A. fischeri, V. fisheri prior to 2007 – Urbanczyk et al. 2007), to produce light.  
Like the trout assay, these microorganisms are subjected to a dilution series of a test article.  A 
reduction in the amount of light produced at each dilution, be it through outright cell death or through 
sub-lethal metabolic inhibition, is used as an indicator of toxicity.  The concentration at which a 50% 
reduction in luminescence is expected (inhibitory concentration 50% or IC50) is calculated from the 
resulting data. 

2.7.5 Periphyton 

Periphyton refers a community of microscopic plants and animals associated with the surfaces of 
submerged objects (Eaton et al. 1995).  The biomass of periphyton was used as an indicator of the 
productivity (primary and secondary) of the mesocosm. 

In each mesocosm, periphyton was collected as a composite sample from 5 glass microscope slides 
installed in a floating frame (Wildco Periphyton Sampler).  Samples were collected once a month from 
May through September.   After 2 weeks residence in the mesocosm, slides were collected, placed into a 
plastic slide mailer, and frozen prior to reception by EAS.  Once at EAS, all slides were assayed for dry 
biomass.  The floating frame remained in the mesocosm throughout the duration of the project. 

2.7.6 Macroinvertebrates 

Specimens of the macroinvertebrate community were collected using Hester-Dendy samplers.  
These samplers consisted of 14 tempered hardboard (Masonite) plates separated by hard plastic 
washers (Figure 23).  The variable spacing between plates facilitated colonization by invertebrates of 
different sizes.  Samples collected using these devices are predominantly composed of epifaunal 
(surface-dwelling) biota, although some nektonic (free swimming) taxa are often present.  Samplers 
were not re-used in this study. 

Hester-Dendy samplers were attached to a 60 cm length of baling twine suspended from one of the 
uprights projecting from the northeastern and southeastern shelving units.  Sampler recovery occurred 
6 weeks after deployment (Klemm et al. 1990, Eaton et al. 1995); and involved the quick withdrawal of 
the sampler from the mesocosm followed by immediate transfer into a wide mouth sample bottle 
containing 90% denatured ethanol.  The sample bottle was labelled with mesocosm ID and date and 
transported back to the laboratory for processing.  Due to the relatively long sampler residence time, 
macroinvertebrate samples represented overlapping periods at the beginning (Week 1 to 7), middle 
(Week 6 to 12), and end (Week 11 to 17) of the study.    

For processing, the sampler was disassembled in a plastic tray, and the plates scraped into the 
ethanol-filled sample bottle which had contained the intact sampler.  The contents of the sample bottle 
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and disassembly tray were funneled through two separate 200 μm Nitex mesh patches (Figure 24).  A 
200 μm pore size was selected because it approximates the pore size of the #70 sieve described in the 
Study Plan.  Using a pair of mesh patches facilitated the filtration of a large volume of ethanol 
(approximately 2.6 L) which contained a significant amount of algal material and other debris.  The mesh 
patches were then transferred to a 500 mL HDPE sample storage jar containing 10% buffered formalin 
(Figure 25).  The jar was identified with mesocosm ID and sampler collection date, then the lid sealed 
with Parafilm.  Samples were sent to Cordillera Consulting (Summerland, B.C., Canada) for taxonomic 
analysis to family level.  The funnels and plastic tray used in sample processing were washed with tap 
water between samples. 

 
Samples from the CTRL2 mesocosms were used to identify time point demonstrating the greatest 

macroinvertebrate diversity.  All macroinvertebrate samples collected from the 7 remaining 
experimental groups during that period were sent for analysis.  The goal of this strategy was to 
maximize the likelihood of detecting test item effects while minimizing costs. CTRL2 was selected to 
provide the “pilot” samples because it was a control group, it contained 6 (rather than 3) mesocosms, 
and it was assumed to be less subject to large diel oscillations in dissolved oxygen and conductivity 
Kersting 1994, Brock et al. 2000, Knauer and Hommen 2012, Cole and Weihe 2015), factors which may 
have reduced macroinvertebrate diversity in CTRL1.  However, it was found that CTRL2 samples did not 
vary significantly in terms of diversity (Shannon-Weiner diversity index) across time points.  Those CTRL2 
samples collected in July (Week 7) showed significantly greater richness than those collected in August 
(Week 12) and September (Week 17).  Furthermore, the July samples showed greater abundance than 
did August or September samples.  As a result, the July samples from all remaining experimental groups 
were submitted for analysis.   

 
While this approach attempts to maximize the likelihood of detecting test item effects while 

minimizing sample processing and analysis costs, it is not perfect.  Any effect occurring after July may go 
undetected.  The DPL may wish to consider submitting samples from all other time points to complete 
the data set.   
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Figure 23.  Hester-Dendy sampler 

 

 
Figure 24.  Nitex mesh patches on funnels 
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Figure 25.  Processed mesh patch in jar with formalin 
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2.7.7 Zooplankton 
 
Zooplankton were collected in the traps shown in Figure 26.  The zooplankton traps consisted of a 

translucent screw-top 1 L HDPE sample bottle into which a polypropylene funnel had been inserted.  
Traps (2 per mesocosm) were zip-tied to a 3-hole clay brick and deposited on the top level of the 
southeast and northwest shelving units in a horizontal orientation with the mouth of the funnel facing 
the center of the mesocosm.  Traps were deployed for 24-hour periods to accommodate diel migrations 
of zooplankton.  At the end of the collection period, traps were transported to the main InnoTech 
building where their contents were filtered through a 30 μm Nitex mesh patch (Kaushik et al. 1985, 
Sanderson et al. 2004, Richards et al. 2004) (Figure 27).  Once the contents of both bottles had been 
filtered, the mesh patches were placed inside a screw-top 250 mL HDPE sample bottle containing 
approximately 150 mL of 10% buffered formaldehyde solution.  The reader should note that a 10% 
solution was used instead of the more standard 5% concentration to accommodate extraneous water 
entering the bottle with the sample.  Mesh patches from both traps were combined in the same sample 
container to produce a single composite sample from each mesocosm.   

 
Samples were collected from all mesocosms on a monthly basis from May through September.  

Initially, only those samples from the CTRL 2 mesocosms were sent to Bio-Limno Research and 
Consulting (Halifax, Nova Scotia, Canada) for taxonomic analysis.  In the Study Plan, all samples from the 
month showing the highest CTRL2 diversity values were to be submitted for analysis.  However, upon 
analysis of the CTRL2 samples, it was found that only the May and June samples were significantly more 
diverse (as assessed by the Shannon-Weiner diversity index) than September samples.  No other 
significant differences in diversity were found between months.  In order to choose either May or June 
samples for full processing, other selective criteria were employed.  May samples (collected Day 8, 9, 
and 10) would have reflected the state of the mesocosms after only 1 week’s exposure to OSPW and 1 
day’s exposure to dFFT.  With such short exposure times, the biological significance of group-wise 
differences would have been questionable.  In contrast, June samples (collected Day 36, 37, and 38) 
reflected 5 weeks of exposure to OSPW and 4 weeks exposure to dFFT.  As a result, the June samples 
from all experimental groups were sent for analysis.  All analyzed samples remain stored in 
formaldehyde until DPL acceptance of the final report.   

 
As with macroinvertebrate sampling and analysis, this approach attempts to maximize the likelihood 

of detecting test item effects while minimizing sample processing and analysis costs.  The DPL may wish 
to consider submitting samples from all other time points to complete the data set and investigate time-
based trends.   
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Figure 26.  Zooplankton trap 

 

 
Figure 27.  Funnel, lid, and mesh 

 

2.7.8 dFFT Pore Water 
 
A set of three dFFT sample bottles were collected at Week 1, Week 9, and Week 17.  Those sample 

bottles collected at Week 1 were filled directly from the steel drums used for dFFT administration 
(Section 2.6.3).  Bottles collected at Week 9 and Week 17 had been at the bottom of the TRMT3 
mesocosms, with the caps off, since Week 1.  Sample bottles were refrigerated until all samples for that 
week had been collected.  Once collected, all samples from a given time point were shipped to the 
Processing Technologies group at InnoTech Alberta where the gelled dFFT solids were centrifuged and 
the pore water collected.  The pore water from each set of samples was sent to EAS for the analyses 
described in Table 7. 
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The reader will note that Table 7 differs somewhat from its counterpart in the Study Plan.  
Measurements of extractable calcium, magnesium, and iron were recorded but not reported for the 
reasons stipulated in Section 3.2.1.  Measurements of Total Dissolved Solids (TDS), Alkalinity (pH 4.5), 
Ion Balance, and silica are reported to parallel those values reported under Water Quality – Laboratory 
Measurement (Section 3.2).  Similarly, conductivity at 25°C (i.e. specific conductivity) and pH are 
reported to parallel the data collected by sonde as described in Water Quality – Field Measurement 
(Section 3.1). 

 
Table 7.  Pore water analyses 

 

Sample Type Analytes 

Pore Water Ions 

Alkalinity (4.5) 

Conductivity at 25°C 

Chloride 
Fluoride 

Hardness (calculated) 
Ion Balance 

Nitrate 
Nitrite 

pH 
Potassium 

Silica 
Sodium 
Sulfate 

Sum of anions 

Sum of cations 

Total Dissolved Solids 

 
 

2.7.9 Data Loggers 
As described in Section 2.5.6, data loggers were installed in 9 of the CTRL mesocosms (3 in CTRL1, 3 

in CTRL2, and 3 in CTRL3) to record water temperature, conductivity, and dissolved oxygen (DO).   
 
Data loggers were attached to the southwestern shelving unit at a depth of 15 to 20 cm.  Loggers 

were pulled from the mesocosms and wiped off on a biweekly basis so that metabolism of adherent 
biota did not unduly influence the data. 
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2.7.10 Additional Investigations 
On August 2, 2017, the DPL asked InnoTech Alberta to initiate a satellite project to take place 

simultaneously with the Week 17 time point.  This project investigated differences in the soil and tissue 
chemistry of emergent plants in the CTRL1 and TRMT4 experimental groups.  The methods, results, and 
interpretations of this satellite project are reported in their entirety in Appendix B. 

 

2.8 Maintenance 
 

2.8.1 Water Level 
Aged potable water was used as a clean, low-solute water to offset evaporative losses in the 

mesocosms.  By keeping potable water in storage tanks (Figure 28) for as long as possible, the 
chloramine used in the municipal water treatment process was given the maximum opportunity for 
dissipation.  In the 2017 study, the shortest potable water storage period was 18 days.   

 
The potable water tanks were used in an alternating manner.  The water from a single tank was used 

while the other was filled and allowed to age.  Two-inch diameter PVC suction hoses were used to bring 
aged potable water to the mesocosms.  Hydraulic head was sufficient to induce flow through the hoses 
without the need for pumping.   

 
Water level in the mesocosms dropped during the exposure period through 

evaporation/evapotranspiration.  In order to maintain the hydration of emergent vegetation and 
prevent excessive concentration of solutes in the mesocosms, water level was checked weekly and aged 
potable water added to maintain a water depth of approximately 155 cm.  The rate of water loss 
appeared to be reasonably consistent across mesocosms.  As a result, water was not added to the 
mesocosms until most had dropped to a level of 150 cm or less.  At that point, water was added to all 
mesocosms.  Usually, this was done by cohort using the Tuesday-Wednesday-Thursday schedule 
described in Section 2.6.  This approach minimized the labour associated with deploying hoses from the 
potable water tanks to various points within the facility.  Adding water to the mesocosm only occurred 
after sampling/data collection activities had been completed for the day. 

 
Water level was measured using a simple depth gauge made from a 2 m length of aluminum tubing 

notched at 5 cm increments (Figure 29).  While holding the gauge vertically against the hard plastic floor 
of the mesocosm, depth was estimated by comparing the position of the water level to the notches.    
Because the mesocosms were often tilted slightly (up to 5 cm in some cases), depth measurements were 
inconsistent around the perimeter of the inner tank (i.e. the lower side of the mesocosm produced 
deeper depth measurements).  Since the major motivation for managing water levels was to maintain 
hydration of emergent vegetation, all depth measurements were taken at the 12 o’clock (i.e. most 
northerly) position, between the two shelves which supported emergent vegetation.   
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Figure 28.  Potable water tanks being filled 

 

 
Figure 29.  Aluminum depth gauge 
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2.9 Mesocosm Decommissioning  
Mesocosm decommissioning refers to the process whereby the last, often destructive, samples are 

collected, and the tanks prepared for overwintering or refurbished for a new study.  For the 2017 study, 
the only destructive sampling was the harvest of plant material for wet biomass determination (Section 
2.7.3).  As a result of DPL’s decision to extend the experiment for another year, refurbishment was 
deferred until the next study (2018). 

 

2.10 Data Analysis 

2.10.1 General 
For a detailed description of the statistical analyses conducted, the reader is directed to Section 1.2 

of the Data Analysis report (Appendix A). 
 
Marginal means are provided in the Data Analysis report (Appendix A) for each tested parameter.  In 

the event of non-homogenous variance, those data were log transformed and re-tested.  For the 
purposes of interpretation, the results of testing the log transformed data superseded those of the 
untransformed data.  However, the untransformed data are still provided to the reader so that he/she 
may better appreciate the size of differences between groups, time points, or depths.  

 
As was described in the Note to Readers (page 2), the words “significance” and “appear” are used with 

specific meanings within this report.  The term, “significance” and its derivatives should be read as meaning 
statistically significant at α=0.05.  The lack of a significant difference between groups, depths, or time points 
may signify the absence of an effect, or the presence of an effect too small to be distinguished from random 
variation.  The distinction between the absence of significance and the absence of difference is particularly 
important when comparing highly variable data from small experimental groups or samples.  In such 
circumstances, which are common in mesocosm-based experiments, one cannot reliably distinguish 
between the true absence of difference, and the presence of a difference which is present but too small to 
be discerned from the effects of chance (i.e. a type 2 error).   Because of this limitation and given the study 
goal to identify effects which may warrant additional investigation (Section 1.2), the term “appear” and its 
derivatives are used to signify the perceptions of the author, irrespective of statistical support.  

2.10.1.1 Trends 
Statistical testing focussed on the differences between experimental groups, time points, and - in 

the case of data sonde results - depths.  In an effort to communicate the most common patterns in the 
data concisely, changes across depths and time are articulated in terms of trends.  With respect to time, 
four trends accounted for the vast majority of data observed in this project; increasing, decreasing, mid-
study increase, and mid-study decrease.  Apart from the lack of any significant change, only increasing 
and decreasing trends were observed across depths.  For the sake of clarity, examples of these trends, 
as they are defined in this report, are provided below assuming comparisons across three time points 
(Week 1, Week 9, and Week 17).  As might be expected, the examples of increasing and decreasing 
trends can be used to describe patterns across depths by replacing Week 1 with 17 cm, Week 9 with 80 
cm, and Week 17 with 125 cm. 
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This approach, which involves the use of a single category (i.e. trend) to denote a range of patterns 

in the data, necessarily involves a certain loss of detail.  To create a new category to communicate every 
possible pattern in the results is awkward to articulate, demanding to read, and offers little value over 
viewing statistical results directly.  Those readers who require more detail are directed to Appendix A 
where graphs of the data and the results of statistical testing can be viewed directly. 

 

2.10.1.1.1 Increasing 
An increasing trend was one in which the value of Week 17 was significantly greater than that of 

Week 1 and the value of Week 9 was not significantly different from that of Week 1 and/or Week 17.  In 
other words, a pattern in which the Week 9 result was significantly different from both Week 1 and 
Week 17 would no longer qualify for categorization as an “Increasing” trend (it would be a mid-study 
increase or mid-study decrease – Sections 2.10.1.1.3 and 2.10.1.1.4).  While this distinction may seem 
arbitrary, transparency in interpretation of the data and effective communication require that some 
explicit divisions between trends be articulated. 

 

2.10.1.1.2 Decreasing 
A decreasing trend was simply the reverse of the Increasing trend.  The value of Week 1 was 

significantly greater than that of Week 17 and the value of Week 9 was not significantly different from 
that of Week 1 and/or Week 17.   

 

2.10.1.1.3 Mid-Study Increase 
A mid-study increase was defined as a trend wherein the value of Week 9 was significantly higher 

than that of both Week 1 and Week 17.   
 

2.10.1.1.4 Mid-Study Decrease 
Although somewhat uncommon within the results, a mid-study decrease was defined as a trend in 

which the value of Week 9 was significantly lower than that of both Week 1 and Week 17.   
 
The same trends are used to communicate patterns in the data which include more than three time 

points (e.g. water temperature recorded under Water Quality – Field Measurement).  In these cases, the 
definition of each trend is applied less rigidly to allow for random variation between individual time 
points.  Those readers unwilling to accept this level of ambiguity in the interpretation of data are 
directed to Appendix A where values for every time point can be viewed. 

 
Results in which no significant differences were found between depths or time points were 

described as exhibiting no changes or no trends.   
 
In some cases, significant differences occurred across time points or depths, but could not be easily 

or consistently categorized into one of the above trends.  While no trend was assigned to such results, 
the reader should be aware that the lack of such assignment does not necessarily imply a lack of 
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structure in the results.  Again, readers sensitive to such discrepancies are directed to Appendix A where 
the results of statistical analysis are displayed. 

2.10.1.2 Differences Between Groups 
Statistical testing for group-wise differences focussed on describing effects associated with the 

presence/absence of OSPW, the presence/absence of dFFT, the presence/absence of a soil layer, and 
the presence/absence of installed vegetation. 
 

2.10.1.2.1 OSPW 
Effects associated with OSPW were identified using two approaches.  The first was by comparing 

CTRL2 to TRMT5.  These experimental groups differed only by the presence or absence of OSPW (50% by 
volume – Section 2.1).  Effects associated with the presence of OSPW should have been present in 
TRMT5 and absent in CTRL2.  The second approach was to compare the experimental groups which 
contained dFFT.  These groups differed only in the amount of OSPW present in the mesocosms; 0%, 
25%, 50%, and 100% by volume for TRMT1, TRMT2, TRMT3, and TRMT4 respectively.  Effects which 
increased or decreased in magnitude with OSPW content were identified as OSPW dose-dependent or 
inversely OSPW dose-dependent, respectively.  OSPW-associated effects were not necessarily absent 
from TRMT1, as many of the chemical constituents of OSPW were expected to be present in dFFT and its 
release water.   

 

2.10.1.2.2 dFFT 
Effects associated with the presence of dFFT were identified by comparing TRMT1 to CTRL2 and 

TRMT3 to TRMT5.  In both comparisons, mesocosms of the former experimental group contained dFFT 
while mesocosms of the latter experimental group did not.  All other factors were held constant.  Both 
comparisons were examined to account for the influence of OSPW.  Neither TRMT1 nor CTRL2 contained 
OSPW, while both TRMT3 and TRMT5 contained 50% OSPW by volume. 
 

2.10.1.2.3 Soil and Installed Vegetation 
Effects associated with the presence of soil or installed vegetation were identified by comparing 

CTRL1 to CTRL2 and CTRL2 to CTRL3, respectively.  As with the other comparisons described above, all 
factors were held constant except for the presence of soil in the first comparison and the presence of 
installed vegetation in the second comparison. 

 

2.10.2 Box plots 
While a range of graphs and figures have been provided to the reader, box plots (a.k.a. box-and-

whiskers plots) have been used extensively with the intent of providing the reader with an illustration of 
the distribution of the data.  When n=3, the highest and lowest recorded values (i.e. those mesocosms 
within the group that produce the highest and lowest values for a given parameter) are represented by 
the ends of the whiskers, or the top and bottom edges of the box when whiskers are not present.  As 
might be expected, the median line represents the third (i.e. middle) value.  Because all of the data 
points have already been used to define the median line and whiskers, no outliers can be defined in 
these small groups (i.e. CTRL3, TRMT1, TRMT2, TRMT3, TRMT4, TRMT5).   
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When n=6 (i.e. CTRL1 and CTRL2), box plots were constructed in the conventional manner with 

outliers defined as those values more than 1.5 x IQR (interquartile range) above the third quartile, or 
more than 1.5 x IQR below the first quartile. 

 
 
 
 

2.10.3 Special Considerations 

2.10.3.1 Water Quality – Laboratory Measurement 
Many of the parameters contained within the Water Quality – Laboratory Measurement data set 

were expected to be highly correlated.  Correlation plots and principal component analyses were used 
to guide the grouping of some data (e.g. PAHs) and may aid future investigators in the selection of key 
water quality indicators. 

Naphthenic acids 
Classically, naphthenic acids have been defined as organic carboxylic acids with molecular formula 

CnH2n+zO2, where n is the carbon number and z is a negative even integer that refers to hydrogen 
deficiency.  For the purposes of analyzing Orbitrap data, however, naphthenic acids were defined as 
water soluble compounds demonstrating the following characteristics: 
 

 Detected under negative ionization mode using the Orbitrap mass spectrometer 
 Contain between 6 and 22 carbon atoms 
 Contain two oxygen atoms 
 Contain no nitrogen or sulfur atoms 
 Exhibit between 1 and 11 double bond equivalents (DBE) 

 
131 molecular formulae accounted for compounds matching the above criteria.  By summing the 

peak areas for all of the appropriate formulae, a single value was generated that represented the 
aggregate amount of naphthenic acid present in the sample.  This univariate measure of naphthenic acid 
content was calculated at the start, mid-point and end of the study.  A profile based on peak area, 
carbon number, and DBE was used to describe the naphthenic acid species present in each sample. It is 
understood that Orbitrap analyses are rich in data which may be exploited by sophisticated analyses in 
subsequent studies.  

 
For the purposes of this report, a family of naphthenic acids is defined by its “Z number” and double 

bond equivalence (DBE) (Holowenko et al. 2002).  These two values change in lock step as per Table 8 
and can be thought of as indicators of structural complexity.  That is, higher Z numbers and DBE’s imply 
more structurally complex molecules.  For the sake of brevity, each family will be referred to only by its 
Z number. 
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Table 8.  Naphthenic acid families 
Z number DBE 

0 1 
-2 2 
-4 3 
-6 4 
-8 5 

-10 6 
-12 7 
-14 8 
-16 9 
-18 10 

 
 
Estimates of the absolute concentration of each naphthenic acid (NA) family were made in an 

attempt to better understand some of the patterns observed in total naphthenic acids as well as 
changes in the proportion of each NA family.  However, the reader should exercise caution in the review 
of these results and their interpretation.  Dr. Alberto Pereira, Trace Organics Supervisor at InnoTech 
Alberta, has cautioned the author that there is significant uncertainty around the actual concentration 
of these compounds.  As a result, estimates of absolute NA family concentrations may contain errors.   

Reporting limits 
Some water samples had to be diluted to facilitate analysis.  The effect this dilution has on the 

sensitivity of measurement (i.e. the method detection limit) is communicated as the reporting limit.  
Because some samples required more dilution than others, the reporting limit is often provided as a 
range of values attached to graphs depicting the data (e.g. Figure 33).  The impact of below-reporting-
limit results on statistical analyses are discussed in Section 5.2 of the Data Analysis report (Appendix A).  

 

2.10.3.2 Trout and Microtox® Toxicity 
Observed levels of toxicity in trout 96-hour LC50 and Microtox ® assays were sufficiently low that the 
planned analyses were not possible (Section 3.4).  Instead, a number of non-standard measures were 
evaluated as a replacement for LC50.  However, none were considered sufficiently valuable or unbiased 
to support quantitative statistical analysis.  As a result, the raw trout toxicity data are presented 
graphically without statistical testing (Section 10.2 in Appendix A).   Conversely, the Microtox® data 
offered a reasonably unbiased, albeit limited and unconventional, measure of toxicity.  The author 
elected to use % Effect (i.e. the reduction in bacterial luminescence expressed as a percentage of 
baseline) at the maximum mesocosm water concentration (90% by volume) and the longest exposure 
time (15 minutes) for statistical testing.  While the use of this measure precludes the comparison of this 
study’s results to those of other investigations, it does, at least, allow some quantitative assessment of 
changes over time and differences between groups for this study. 
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3. Results 
 

3.1 Water Quality – Field Measurement 
 

3.1.1 Temperature 
Figures and tables describing mesocosm water temperature can be found in Section 2.3.1 of the 

Data Analysis report (Appendix A). 
 

3.1.1.1 Effect of Depth 
Unsurprisingly, water temperature tended to decrease with depth.  However, this temperature 

gradient diminished over time until, by Week 15, water temperature did not vary significantly across 
depths for any experimental group. 

 

3.1.1.2 Effect of Time 
As can be seen in Figure 30, mesocosm water temperature is subject to seasonal variation in 

ambient conditions.  This effect is made most evident by comparing surface water temperatures to 
those recorded at the bottom of the mesocosms where short-term variations were small. 

 
Over time, water temperature at all depths tended to converge in all groups.  By Week 15, no depth-

wise thermal gradient was evident in any of the experimental groups.  This thermal homogeneity was 
maintained until the end of the study. 
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Figure 30.  Mean water temperature across depth and time (+/- standard deviation) 

 

3.1.1.3 Effect of OSPW 
The presence of OSPW further reduced water temperature at depth during the first half of the 

study.  TRMT5 mesocosms were significantly cooler than CTRL2 mesocosms at the mid and/or bottom 
depths during Weeks 2, 3, 5, 6, and 7.  Similarly, the bottoms of TRMT3 mesocosms were significantly 
cooler than the bottoms of TRMT1 mesocosms on Weeks 3, 5, 6, 7, 8, and 11.  In addition, temperature 
appears to vary inversely with OSPW content at the mid and/or bottom of all TRMT mesocosms from 
Week 3 to 8. 
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3.1.1.4 Effect of dFFT 
Mesocosms receiving dFFT (TRMT1 to TRMT4) show higher initial (Week 1) temperatures at the 

bottom and, to a lesser degree, at mid depths.  These increased water temperatures diminished quickly, 
and may have resulted from the solar heating of dFFT prior to its deposition in the mesocosms (Figure 
9). 

 

3.1.1.5 Effect of Soil and Installed Vegetation 
Neither the presence of emergent vegetation nor a soil layer had any significant effect on water 

temperature. 
 
 

3.1.2 pH 
Figures and tables describing mesocosm pH can be found in 2.3.2 of the Data Analysis report 

(Appendix A). 
 

3.1.2.1 Effect of Depth 
Increasing depth was associated with decreasing pH in the first half of the study, particularly in 

those groups which contained a sediment layer or OSPW.  In CTRL2 and CTRL3, neither of which 
contained sediment or OSPW, the effect was greatly reduced in duration (CTRL2) or absent (CTRL3).  In 
the last two weeks of the study, no experimental group showed any significant depth-wise gradient in 
pH. 

 

3.1.2.2 Effect of Time 
Figure 31 appears to indicate that pH increases at the bottom of the mesocosms over time.  All of 

the highest pH values occurred in the second half of the study for CTRL1 and all of the OSPW-containing 
experimental groups.  Conversely, CTRL3 failed to produce any significant changes in pH at any depth 
over the course of the study.  This finding parallels the absence of a depth-related pH effect in CTRL3. 
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Figure 31.  Mean pH at bottom of mesocosms 

 

3.1.2.3 Effect of OSPW 
Only rarely was OSPW associated with a statistically significant increase in pH.  Only during Weeks 

12 and 13 did TRMT5 demonstrate a significantly higher pH than CTRL2.  Furthermore, there was only 
one instance in which TRMT1 differed significantly from any of the other dFFT-containing groups 
(TRMT4, Week 3, 125 cm depth).  Even TRMT4, the experimental group which received the greatest 
amount of OSPW, only differed from any of the CTRL groups sporadically during the beginning and end 
of the study.   
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3.1.2.4 Effect of dFFT 
The presence of dFFT had almost no significant effect on pH.  It was only during Week 5 that CTRL2 

demonstrated a significantly different pH from TRMT1 at the deepest depth.  Nor were any significant 
differences detected between TRMT5 and TRMT3.   

 

3.1.2.5 Effect of Soil 
In contrast to dFFT, the presence of a soil layer was associated with significant changes in pH.  

During the first 5 weeks of the study, CTRL1 produced a significantly lower pH than CTRL2 in at least one 
depth.  This relationship was reversed in the last 5 weeks of the study: CTRL1 produced significantly 
higher pHs than CTRL2, beginning at the surface and mid depths, then progressing to the bottom of the 
mesocosms. 

 

3.1.2.6 Effect of Installed Vegetation 
The presence of installed vegetation did not have any significant effect on pH. 
 
 

3.1.3 Turbidity 
Figures and tables describing mesocosm turbidity can be found in Section 2.3.3 of the Data Analysis 
report (Appendix A). 

3.1.3.1 Effect of Depth 
In general, turbidity increased with depth at the beginning of the study.  The depth effect did not appear 
to be uniform across all experimental groups; it was most consistently observed in CTRL1 yet largely 
absent from TRMT4.  By Week 16, no significant differences existed between depths in any experimental 
group.   

3.1.3.2 Effect of Time 
Figure 32 suggests an exponential-like reduction in turbidity over time at all depths, particularly in 

the OSPW-containing groups.  This pattern was most distinct in those experimental groups which 
contained a sediment layer and/or OSPW.  In general, these experimental groups produced their highest 
turbidity values at Week 1 and the lowest at Week 17, as would be expected.  In contrast, CTRL2 and 
CTRL3, which contained neither OSPW nor sediment, appeared to produce their lowest turbidity levels 
near the middle of the study, although turbidity differences between the middle and end of the study in 
these groups were quite small and generally not significant. 
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Figure 32.  Mean turbidity across depth and time (+/- standard deviation) 

 

3.1.3.3 Effect of OSPW 
OSPW caused dose dependent and statistically significant increases in turbidity over the duration of 

the study.  TRMT5 demonstrated statistically higher turbidity than CTRL2 across all depths for the 
duration of the study.  When comparing TRMT1 to the other dFFT-containing groups, OSPW dose 
dependency was observed at all depths for all Weeks except Week 1.  In Week 1, only the surface (17 
cm) level showed OSPW dose dependency.   
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3.1.3.4 Effect of dFFT 
The introduction of dFFT was associated with temporary increases in turbidity.  TRMT1 mesocosms 

produced significantly higher turbidity values than CTRL2 within at least one depth level during the first 
two weeks of the study, and again between Week 7 and 13.  During the latter period, however, absolute 
levels of turbidity were very low, reflecting only statistical not biological significance.  When comparing 
TRMT3 to TRMT5, dFFT-associated increases in turbidity were only significant between Week 5 and 7, 
and then only at top and middle depths.   

 

3.1.3.5 Effect of Soil 
CTRL1 mesocosms were more turbid than CTRL2 mesocosms, but only at 125 cm depth, and only 

sporadically throughout the study.  This might suggest sonde contact with the sediment layer.  Again, 
absolute levels of turbidity were so low that statistical differences are unlikely to reflect biologically 
significant results. 

 

3.1.3.6 Effect of Installed Vegetation 
The turbidity of CTRL2 and CTRL3 mesocosms never differed significantly at any depth. 
 
 

3.1.4 Specific Conductivity 
Figures and tables describing mesocosm specific conductivity can be found in Section 2.3.4 of the 

Data Analysis report (Appendix A). 
 

3.1.4.1 Effect of Depth 
Experimental groups which incorporated a sediment layer, be it soil or dFFT, exhibited a statistically 

significant increase in specific conductivity in the deeper portions of the mesocosms.  The duration of 
this effect, or at least the duration of statistical significance, varied inversely with the OSPW content of 
the mesocosms.  CTRL1, TRMT1, and TRMT2 produced significantly higher specific conductivities at the 
mesocosm bottoms compared to the other depths for the first 7 weeks of the study.  In contrast, the 
increased OSPW content in TRMT3, and TRMT4 was associated with sporadically high tank-bottom 
conductivity for the first 3 to 4 weeks.  Experimental groups which did not incorporate a sediment layer 
(CTRL2, CTRL3, and TRMT5) did not exhibit any significant depth-related increases in specific 
conductivity. 

 

3.1.4.2 Effect of Time 
While there are some significant increases in specific conductivity in CTRL2 and TRMT1, no obvious 

time-related trends are obvious for most of the experimental groups. 
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3.1.4.3 Effect of OSPW 
Unsurprisingly, specific conductivity varied with OSPW-content.  TRMT groups exhibited significantly 

increased specific conductivity at all depths as OSPW-content increased.  Similarly, all OSPW-containing 
groups were always more conductive at all depths than TRMT1 or any of the CTRL groups.   

 

3.1.4.4 Effect of dFFT 
TRMT1 mesocosms produced consistently higher specific conductivity values than did CTRL2 

mesocosms at all depths and time points.  Conversely, no significant differences could be detected 
between TRMT3 and TRMT5 mesocosms, which contained OSPW. 

 

3.1.4.5 Effect of Soil 
Like dFFT, the presence of soil was associated with increased specific conductivity.  Beginning at the 

deepest level and moving upwards, specific conductivity in CTRL1 mesocosms became higher than in 
CTRL2 mesocosms over time.   

 

3.1.4.6 Effect of Installed Vegetation 
The specific conductivity of CTRL2 and CTRL3 mesocosms never differed significantly at any depth. 
 
 

3.1.5 Optical Dissolved Oxygen 
Figures and tables describing mesocosm optical dissolved oxygen (henceforth dissolved oxygen) 

content can be found in Section 2.3.5 of the Data Analysis report (Appendix A). 
 

3.1.5.1 Effect of Depth 
Increasing depth tended to decrease dissolved oxygen concentration.  The duration of this effect 

appears to vary from one experimental group to another.  In those experimental groups which lacked 
OSPW, no significant difference in dissolved oxygen across depths was seen after Week 8 (CTRL1, CTRL3, 
and TRMT1) or 9 (CTRL2).  In those experimental groups which contained OSPW, this level of 
homogeneity across depths was not achieved until Week 11 (TRMT2) or Week 15 (TRMT3, TRMT4, and 
TRMT5).   

 

3.1.5.2 Effect of Time 
At the deepest levels, dissolved oxygen levels increased over time in all experimental groups except 

CTRL3.  At the middle depth, dissolved oxygen levels appear to increase in CTRL1, TRMT3, TRMT4, and 
possibly TRMT5.  Only CTRL1 demonstrates an obvious increase in dissolved oxygen at the surface. 

 
As well as increasing over time, dissolved oxygen levels also tended to converge across experimental 

groups. However, this pattern varied with depth.  At the surface, dissolved oxygen levels were largely 
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indistinguishable between experimental groups from Week 3 to Week 15.  After Week 15, CTRL1 was 
significantly higher in dissolved oxygen than the other experimental groups.  Similarly, experimental 
groups tended to be more or less homogenous with regard to dissolved oxygen content at the middle 
depth between Week 6 and 15.  Prior to this period, dissolved oxygen concentrations appeared to be 
inversely proportional to OSPW content.  After Week 15, CTRL1 was consistently richer in dissolved 
oxygen at 80 cm depth than the other experimental groups.  At the bottom of the mesocosms, 
significant intergroup differences persisted throughout the study.  Often, these differences appeared to 
reflect the OSPW content of the mesocosm. 

 

3.1.5.3 Effect of OSPW 
As discussed in the preceding section, OSPW content tended to be associated with lower dissolved 

oxygen concentrations.  However, this effect was dependent on time and depth: detectable only for the 
first week or two at the surface, but persisting until at least Week 12 at the bottom. 

 

3.1.5.4 Effect of dFFT 
dFFT appeared to have little effect on dissolved oxygen concentrations.  Occasionally, TRMT1 and 

TRMT3 mesocosms would demonstrate significantly lower dissolved oxygen levels than their CTRL2 and 
TRMT5 counterparts; but this was somewhat inconsistent and only occurred at the deepest depth.   

 

3.1.5.5 Effect of Soil 
By the end of the study, the presence of soil in CTRL1 mesocosms was associated with increased 

dissolved oxygen concentrations.  By Week 15, dissolved oxygen levels in CTRL1 mesocosms had risen to 
the point where there were significantly higher than those in CTRL2 mesocosms at all depths. 

 

 3.1.5.6 Effect of Installed Vegetation 
CTRL2 and CTRL3 did not differ significantly with respect to dissolved oxygen content. 
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3.2 Water Quality – Laboratory Measurement 

 

3.2.1 Extractable Calcium, Magnesium, and Iron 
 
Extractable fractions of these metals represent a value that falls between dissolved and total, and 

offer little value other than in the calculation of Hardness.  Those values will not be presented 
individually, only the aggregate Hardness value.  The reader should recognize that the exclusion of 
extractable calcium, magnesium, and iron from the statistical analysis of water sample data does not 
imply those measures should be excluded from the analysis of soil sample data in the satellite study 
described in Appendix B. 

 
In Section 3.2.19 these metals are presented as dissolved and total fractions.   
 

3.2.2 Hardness 
Figures and tables describing mesocosm water Hardness can be found in Section 5.8.29 of the Data 

Analysis report (Appendix A). 
 

3.2.2.1 Effect of Time 
No consistent time related trends were observed.   
 

3.2.2.2 Effect of OSPW 
A reduction in Hardness was associated with the presence of OSPW.  At all time points, CTRL2 

mesocosms produced higher Hardness values than TRMT5 mesocosms.  TRMT1 mesocosms produced 
significantly higher Hardness values than TRMT3 (Week 1 and 17) and TRMT4 (Week 1 and 9) 
mesocosms.  Hardness appeared to vary inversely with OSPW content, but significant differences 
between dFFT containing TRMT groups (TRMT1 to TRMT4) became less discernible over time.   

 

3.2.2.3 Effect of dFFT 
dFFT had very little effect on Hardness.  TRMT1 and CTRL2 only varied at Week 17, when the latter 

was harder than the former.  TRMT3 and TRMT5 never varied significantly. 
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3.2.2.4 Effect of Soil 
CTRL1 mesocosm water was significantly harder than CTRL2 at Week 9.  The two experimental 

groups did not vary at any other point. 
 

3.2.2.5 Effect of Installed Vegetation 
The presence of installed vegetation had no identifiable effect on Hardness. 
 
 

3.2.3 Chloride 
The reader is directed to Section 3.2.19 where chlorine is presented as dissolved and total fractions.  

Unsurprisingly, chloride concentrations measured by ion chromatography as part of the “Ions” sample 
and dissolved chlorine measured by Inductively Coupled Plasma Mass Spectrometry (ICPMS) in the 
“metals” sample showed a high level of correlation (Pearson’s r = 0.99), making the presentation of both 
values redundant. 

 

3.2.4 Fluoride 
Figures and tables describing mesocosm fluoride concentrations can be found in Section 5.8.28 of 

the Data Analysis report (Appendix A). 
 

3.2.4.1 Effect of Time 
Figure 33 appears to indicate that fluoride concentrations increased in all groups over time.  

However, only the increases in OSPW-free groups (CTRLs and TRMT1) achieved statistical significance. 
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Figure 33.  Fluoride concentration across time points 

3.2.4.2 Effect of OSPW 
The presence of OSPW was associated with an increase in fluoride concentration.  The lack of OSPW 

in TRMT1 was associated with significantly lower fluoride concentrations than the other TRMT groups in 
Weeks 1 and 9.  By week 17, these differences were no longer significant.  Some level of OSPW dose 
dependency was observed at the beginning of the study.  However, this effect was largely obscured by 
week 17. 
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3.2.4.3 Effect of dFFT 
In the absence of OSPW, fluoride was seen to increase in the presence of dFFT.  In the presence of 

OSPW (i.e. comparing TRMT3 to TRMT5), no such increase was observed. 
 

3.2.4.4 Effect of Soil and Installed Vegetation 
Neither the presence of a soil layer nor installed vegetation had any identifiable effect on fluoride 

concentration. 
 
 

3.2.5 Nitrate and Nitrite 
Figures and tables describing mesocosm nitrate and nitrite concentrations can be found in Sections 

5.8.48 and 5.8.49 of the Data Analysis report (Appendix A). 
 

3.2.5.1 Effect of Time 
Nitrate appears to decrease in the first 8 weeks in CTRL1 and CTRL3 mesocosms, but not in CTRL2.  

Nitrate in TRMT1 and TRMT3 also decreased over the course of the study. 
 
Nitrite levels decreased significantly in CTRL1, TRMT1, and TRMT2.  Nitrite concentrations appear to 

increase at the middle time point in all of the TRMT mesocosms, but this pattern was only statistically 
significant in TRMT2. 

 

3.2.5.2 Effect of OSPW 
At Week 9, TRMT5 mesocosms produced higher nitrate concentrations than did CTRL2, but not at 

any other time point.  There were no significant differences identified when comparing TRMT1 to any of 
the other TRMT groups. 

 
Like nitrate, nitrite concentrations in TRMT5 mesocosms were higher than those of CTRL2, but only 

at Week 9.  TRMT1 showed lower nitrite values than TRMT3 or TRMT4, but again only at Week 9. 
 
OSPW dose dependency was clearly evident for nitrite at Week 9 but not for nitrate.  Neither 

parameter showed any significant differences between groups at Week 1 or 17.  
 

3.2.5.3 Effect of dFFT 
The presence of dFFT was associated with increased nitrate in TRMT1 relative to CTRL2 at Week 9. 
 

3.2.5.4 Effect of Soil 
The presence of a soil layer was associated with significantly higher initial nitrate and nitrite levels in 

CTRL1 mesocosms compared to CTRL2.   
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3.2.5.5 Effect of Installed Vegetation 
The presence of installed vegetation had no identifiable effect on nitrate or nitrite concentration. 

 

3.2.6 Potassium and Sodium 
The reader is directed to Section 3.2.19 where potassium and sodium concentrations are presented 

as dissolved and total concentrations.   
 

3.2.7 Sulfate 
Figures and tables describing mesocosm sulfate concentrations can be found in Section 5.8.67 of the 

Data Analysis report (Appendix A). 
 

3.2.7.1 Effect of Time 
Sulfate concentrations rose significantly in CTRL1 and TRMT1 over the course of the study. 
 

3.2.7.2 Effect of OSPW 
OSPW was associated with increased sulfate concentrations.  CTRL2 mesocosms had significantly 

lower sulfate concentrations than TRMT5 mesocosms over the entire study.  When considering 
mesocosms that contained dFFT, TRMT1 was significantly lower in sulfate than TRMT2 at the first time 
point and lower than TRMT3 and TRMT4 over the first two time points.  At Week 17, TRMT1 did not 
differ significantly from any of the other TRMT groups.  Sulfate concentrations appeared to vary with 
OSPW content during the first week. The association became less distinct by the end of the study. 

 

3.2.7.3 Effect of dFFT 
An increase in sulfate associated with the presence of dFFT was only significant in the absence of 

OSPW.  TRMT1 produced higher sulfate concentrations than CTRL2 at all time points.  TRMT3 and 
TRMT5 mesocosms did not differ significantly. 

 

3.2.7.4 Effect of Soil  
CTRL1 mesocosms were significantly higher in sulfate than CTRL2 mesocosms at Week 9 and 17. 
 

3.2.7.5 Effect of Installed Vegetation 
The presence of installed vegetation had no identifiable effect on sulfate concentration. 
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3.2.8 Total Dissolved Solids. 
While not planned for collection (Table 6), Total Dissolved Solids (TDS) was provided free of charge 

by the analytical laboratory and is a commonly used measurement.  Hence, TDS is included here.  
Figures and tables describing mesocosm TDS can be found in Section 5.8.80 of the Data Analysis report 
(Appendix A).  Similar figures and tables can be found for Sum of Anions and Sum of Cations in Section 
5.8.70 and 5.8.71 of the Data Analysis report (Appendix A). 

 

3.2.8.1 Effect of Time 
TRMT1 mesocosms demonstrated a statistically significant increase and TRMT4 a significant 

decrease in TDS over the course of the study. 
 

3.2.8.2 Effect of OSPW 
OSPW was associated with an increase in TDS.  At all time points, CTRL2 produced lower values for 

TDS than TRMT5.  TRMT1 produced significantly lower values than TRMT2, TRMT3, and TRMT4 at Week 
1 and Week 9, but not Week 17.   

 

3.2.8.3 Effect of dFFT 
TRMT1 mesocosms produced significantly higher values for TDS than CTRL2 at Week 9 and 17.  No 

significant difference was found between TRMT3 and TRMT5. 
 

3.2.8.4 Effect of Soil and Installed Vegetation 
Neither a soil layer nor installed vegetation had any identifiable effect on TDS. 
 
 

3.2.9 Other Measures 
A few other parameters were measured by the analyzing laboratory as part of their standard 

operating procedure.  As these were not planned dependent variables, they will be discussed only 
briefly. 

 

3.2.9.1 Alkalinity 
Alkalinity was measured at pH 8.3 and 4.5 and values for carbonate and bicarbonate were calculated 

from the alkalinity values.  All sources of alkalinity which contribute to the 8.3 measure were also 
expected to contribute to the 4.5 measure.  Because of these characteristics, only the pH 4.5 version of 
alkalinity measure was analyzed statistically. 

 
 Alkalinity pH 4.5 increased significantly over time in TRMT1, but in none of the other 

experimental groups. 
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 The presence of OSPW was associated with an increase in alkalinity.   
 

 Alkalinity pH 4.5 was significantly higher in TRMT1 mesocosms than in CTRL2 mesocosms, 
but only at the end of the study.  No differences could be detected between TRMT3 and 
TRMT5. 

 
 No effects were associated with the presence of a soil layer or installed vegetation. 

 
 

3.2.9.2 Silica (reactive) 

 Silica decreased significantly over time in all groups except CTRL3.  By Week 9, 30% of the 
mesocosms in the 2017 study produced values below the EAS reporting limit. 

 
 The presence of OSPW tended to increase the concentration of silica in a dose dependent 

manner.  Differences between OSPW-containing groups grew less distinct over the course of 
the study. 

 
 Neither the presence of dFFT, nor a soil layer, nor installed vegetation had any discernible 

effect on silica levels. 
 
 

3.2.10 Biological Oxygen Demand 
Figures and tables describing Biological Oxygen Demand (BOD) in mesocosm waters can be found in 

Section 5.8.12 of the Data Analysis report (Appendix A). 
 

3.2.10.1 Effect of Time 
Significant time-related increases in BOD were identified in groups CTRL1 and CTRL2.  No distinct 

trends were identified in any other groups.   
 

3.2.10.2 Effect of OSPW 
Initially, CTRL2 produced lower BOD values than did TRMT5.  At Weeks 9 and 17, these two groups 

were not significantly different.  TRMT1 did not differ from any of the other TRMT groups. 
 

3.2.10.3 Effect of dFFT, Soil, and Installed vegetation 
No significant effects were associated with the presence of a dFFT layer, a soil layer, or installed 

vegetation. 
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3.2.11 Chemical Oxygen Demand 
Figures and tables describing Chemical Oxygen Demand (COD) in mesocosm waters can be found in 

Section 5.8.25 of the Data Analysis report (Appendix A). 
 

3.2.11.1 Effect of Time 
Figure 34 suggests that, over time, COD increases in CTRL groups and TRMT1, while decreasing in 

the remaining TRMT groups.  However, those apparent trends only achieve significance in CTRL1, CTRL2, 
TRMT3, and TRMT4.  

 

 
Figure 34.  Chemical oxygen demand (COD) across time points 
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3.2.11.2 Effect of OSPW 
The presence of OSPW in TRMT5 mesocosms raised their COD relative to their CTRL2 counterparts 

in Week 1 and 9.  TRMT1 produced lower COD values than TRMT3 in Week 1, and TRMT4 in Weeks 1 
and 9.  Generally, some level of OSPW dose dependency was observed in Week 1, but by Week 17 no 
significant differences were observed between groups. 

3.2.11.3 Effect of dFFT, Soil, and Installed Vegetation 
There was no significant effect was associated with the presence of dFFT, soil, or installed 

vegetation. 

3.2.12 Dissolved Organic Carbon 
Figures and tables describing Dissolved Organic Carbon (DOC) in mesocosm waters can be found in 

Section 5.8.50 of the Data Analysis report (Appendix A). 

3.2.12.1 Effect of Time 
Mesocosms in CTRL1 and TRMT1 produced statistically significant increases in DOC over time.  

3.2.12.2 Effect of OSPW 
Higher DOC values were detected in TRMT5 mesocosms compared to CTRL2 mesocosms in Weeks 1 

and 9.  When comparing experimental groups that contain dFFT, TRMT4 contained significantly more 
dissolved organic carbon than TRMT2 at all time points, and more than TRMT1 in Weeks 1 and 9.   

3.2.12.3Effect of dFFT, Soil, and Installed Vegetation 
No significant effects were associated with the presence of dFFT, a soil layer, or installed vegetation. 

3.2.13 BTEX 
As shown in Table 5.1 of Appendix A those compounds signified by the BTEX acronym (benzene, 

toluene, ethyl-benzene, and o, m, and p-xylenes) were almost completely absent from the mesocosms.  
At Week 1, BTEX compounds were detected in one or two of the mesocosms.  At Week 9 and Week 17, 
none of the compounds were above reporting limits in any of the mesocosms. 

3.2.14 Phenols 
Figures and tables describing phenol concentration in mesocosm waters can be found in Section 

5.8.51 of the Data Analysis report (Appendix A). 
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3.2.14.1 Effect of Time 
Figure 35 suggests that phenols decrease over time in all groups.  However, this trend is not 

statistically significant in CTRL1, CTRL2, or TRMT1.  By week 17, phenol levels were so low that no 
statistically significant differences could be detected between any of the experimental groups. 

 

 
Figure 35.  Phenol(s) concentration across time points 
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Many of the phenol concentrations recorded in this study were very close to the analytical 
laboratory’s reporting limit.  This, combined with a time related decrease in concentration, resulted in a 
growing proportion of mesocosms with phenol concentrations below the reporting limit.  At Week 1, 
that proportion was 13%, rising to 43% and 83% at Week 9 and 17, respectively. 

 

3.2.14.2 Effect of OSPW 
While TRMT5 mesocosms demonstrated higher phenol levels than CTRL2 mesocosms at Week 1 and 

Week 9, no significant differences could be detected when comparing TRMT1 to TRMT2, TRMT3, and 
TRMT4. 

 

3.2.14.3 Effect of dFFT, Soil, and Installed Vegetation 
No significant effects were associated with the presence of dFFT, a soil layer, or installed vegetation 
 

3.2.15 Polycyclic Aromatic Hydrocarbons 
Figures and tables describing polycyclic aromatic hydrocarbon (PAH) concentration in mesocosm 

waters can be found in Section 5.7.1 of the Data Analysis report (Appendix A).  Correlations and Principal 
Component Analyses (PCA’s) of the PAH data can be found in Section 5.4.1 of the Data Analysis report 
(Appendix A). 

 
Because the alkylated and non-alkylated PAHs were so highly correlated (Figure 36), all PAHs were 

summed and analyzed together. 
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Figure 36.  PAH correlations 
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Because PAHs are a grouped measure, and reporting limits vary from one analyte to another, 
defining a single reporting limit for the group was not possible.  The reader is referred to Table 5.2 of 
Appendix A which provides the proportion of mesocosms below the reporting limit for each particular 
PAH.  All PAHs were below reporting limit in at least 90% of mesocosms by Week 17. 

3.2.15.1 Effect of Time 
Figure 37 suggests that all TRMT mesocosms show a dramatic decrease in PAH concentration 

between Week 1 and Week 9.  This decrease only achieved statistical significance for those 
experimental groups receiving dFFT (TRMT1 to TRMT4).  CTRL mesocosms stayed near zero throughout 
the study.  At Weeks 9 and 17, none of the experimental groups differed significantly. 

 

 
Figure 37.  PAH(s) concentration across time points 
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3.2.15.2 Effect of OSPW 
The effect of OSPW on PAH levels was negligible.  None of the dFFT-containing experimental groups 

differed significantly from each other, irrespective of OSPW content. 
 

3.2.15.3 Effect of dFFT 
The presence of dFFT was associated with dramatically higher PAH levels during the first week of the 

study.  TRMT1 mesocosms were significantly higher than CTRL2 mesocosms in PAH content during Week 
1.  Similarly, TRMT3 mesocosms produced significantly higher PAH concentrations than TRMT5 at Week 
1.  During Week 9 and Week 17, however, none of the experimental groups differed significantly from 
each other. 

 

3.2.15.4 Effect of Soil and Installed Vegetation 
The extremely low concentrations found in the CTRL groups makes it difficult to determine what - if 

any - effect soil and installed vegetation may have had on PAHs.   
 
 

3.2.16 Naphthenic Acids – total 
Figures and tables describing total naphthenic acids (NAs) concentration in mesocosm waters can be 

found in Section 5.8.45 of the Data Analysis report (Appendix A).   
 

3.2.16.1 Effect of Time 
Figure 38 suggests that total NAs decreased over time in the CTRL groups.  However, only the 

decrease in CTRL2 achieved significance.  There was, however, a statistically significant increase in total 
NA concentration for all TRMT groups except TRMT2. 
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Figure 38.  Total naphthenic acids concentration across time points 

 
 
When the original OSPW composition (Table 5.3 Appendix A) is considered, and taking into account 

levels of dilution, all experimental groups receiving OSPW (TRMT2 – TRMT5) were far below the 
expected naphthenic acid concentrations at Week 1.  Within these groups, total NA concentration 
approached expected levels over the first half of the study.  However, total NAs appeared to more 
closely approximate their expected levels, taking into account planned dilution levels, in the 25% and 
50% OSPW groups (TRMT2, TRMT3, and TRMT5), than in the 100% OSPW group (TRMT4).   

 
 



MES-2017-1  
 

106 
 

3.2.16.2 Effect of OSPW 
Unsurprisingly, the presence of OSPW was associated with increased naphthenic acid 

concentrations.  Total NAs were significantly lower in CTRL2 than in TRMT5.  Similarly, total NAs were 
significantly higher when both dFFT and OSPW were received (TRMT2, TRMT3, and TRMT4) than when 
only dFFT was received (TRMT1).  Total NA concentration seemed to reflect OSPW dilution levels for 
groups TRMT2, TRMT3, and TRMT4.   

 

3.2.16.3 Effect of dFFT 
The presence of dFFT without OSPW is associated with significantly higher total NA values; TRMT1 

NA concentrations are significantly higher than CTRL2 at all time points.  However, the presence of 
OSPW in TRMT3 and TRMT5 obscures this effect. 

 

3.2.16.4 Effect of Soil and Installed Vegetation 
The presence of a soil layer or installed vegetation had no discernible effect on total NA levels. 
 

3.2.17 Naphthenic Acids – proportion by family 
This section (3.2.17) describes changes in NA families when measured as percentages of the overall 

naphthenic acid mixture.  The author has been advised by multiple experts that data produced by the 
Orbitrap yield more reliable interpretations when assessed as percentages (%) of a mixture than as 
absolute concentrations (μg/L).  While estimates of absolute concentration were attempted (Section 
3.2.18), they are considered to be of lesser reliability than the percentages.  Hence, this section 
articulates Orbitrap results as percentages despite a certain awkwardness in their presentation and 
interpretation. 

 
Figures and tables describing the proportion of naphthenic acid (NA) families in mesocosm waters 

can be found in Section 5.6 of the Data Analysis report (Appendix A).  Correlations and Principal 
Component Analyses (PCA’s) of the NA family data as a percentage of total naphthenic acids can be 
found in Section 5.4.7 of the Data Analysis report (Appendix A). 

 
The reader is referred to Table 5.1 and 5.2 of Appendix A which provide the proportion of 

mesocosms below the reporting limit for each particular naphthenic acid.   
 

3.2.17.1 Effect of Time 
Table 9 summarizes the changes in NA family proportions over time. 
 
The effect of time varies according to NA family and experimental group.  The proportion of Z0 does 

not change significantly in the CTRL groups while the proportion of Z-2 increases.  In general, families 
more complex than Z-2 tend to decrease over time in the CTRL groups, although there are some 
exceptions to this trend in Z-4, Z-12, and Z-14. 
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TRMT2, TRMT3, and TRMT4 showed an overall increase in the percentage of Z0, while TRMT1 and 
TRMT5 showed a mid-study increase in the percentage of the same family.  Families Z-2 to Z-12 showed 
almost no significant changes in the TRMT groups.  The proportions Z-14 to Z-18 increased over the 
course of the study in all TRMT groups.   

 
These results imply that the proportion of every NA family in the TRMT groups either increased or 

remained unchanged.  This is obviously impossible.  This inconsistency is resolved when A.) the unequal 
percentage contribution of each family to total NAs is estimated, and B.) the discrepancy between a 
statistically significant difference and an arithmetic difference is recognized.  The Z-4 and Z-6 families 
account for 40% to 60% of total NAs.  The small decreases which occurred in these families (5 to 8 
percentage points), did not achieve statistical significance given the level of variability present in this 
study.  Conversely, Z-14 to Z-18 comprise no more than 9% of total NAs in aggregate making an increase 
of a few percentage points statistically significant.  Thus, statistically significant increases in Z-14 to Z-18 
are accounted for by statistically insignificant reductions in Z-4 and Z-6. 

 
 

Table 9.  Changes in the proportion (%) of NA families over time  

Z 
number 

CTRL change 
over time 

TRMT change 
over time* 

0 ↔ ↑ 
-2 ↑ ↔ 
-4 ↓ ↔ 
-6 ↓ ↔ 
-8 ↓ ↔ 

-10 ↓ ↔ 
-12 ↓ ↔ 
-14 ↓ ↑ 
-16 ↓ ↑ 
-18 ↓ ↑ 

Mean naphthenic acid (total) concentrations for the CTRL groups ranged from 10 to 18 μg/L 
while mean concentrations for the TRMT groups ranged from 520 to 20,400 μg/L   
 
↑ indicates an increasing trend over time as described in Section 2.10.1.1 
↓ indicate a decreasing trend over time as described in Section 2.10.1.1 
↔ indicates no obvious trend over time 
*see section 3.2.17.1 for an explanation of increases without reciprocal decreases 

 

3.2.17.2 Effect of OSPW 
Table 10 summarizes the differences across treatment groups described below. 
 
The effect of OSPW on the NA profile was complex.  All of the CTRL groups contained higher 

proportions of Z0 and Z-2 than did any of the OSPW-containing groups.  In general, Z-4 to Z-14 were 
present in higher proportions in the OSPW-containing groups than in the CTRL groups, although there 
were some exceptions to this pattern in the first week of the study, particularly for Z-14.  For Z-16 and Z-
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18, the CTRL groups tended to be proportionally higher in these families at Week 1, indistinguishable at 
Week 9, and proportionally lower at Week 17.  Proportionally, TRMT1 was often richer in Z0 and Z-2 
than TRMT3 or TRMT4 at Week 1 and 9.  However, for NA families more complex than Z-2, there was no 
significant difference in their proportions over the course of the study. 

   
In contrast to the complex effects of the presence of OSPW had on the NA profile, increasing OSPW 

concentrations did not qualitatively alter the NA profile when each NA family is quantified as a 
percentage of total naphthenic acids. 

 
 
Table 10.  Changes in the proportion (%) of NA families associated with OSPW  

Z 
number 

TRMT5:CTRL2 at Week 1, 
9, and 17 

0 <, <, < 
-2 <, <, < 
-4 >, >, > 
-6 >, >, > 
-8 =, >, > 
-10 =, >, > 
-12 >, >, > 
-14 <, >, > 
-16 <, =, > 
-18 <, =, > 

< indicates TRMT5 contains a lower proportion of that NA family than does CTRL2 (TRMT5 < CTRL2) 
> indicates TRMT5 contains a higher proportion of that NA family than does CTRL2 (TRMT5 > CTRL2) 
= indicates TRMT5 is not significantly different from CTRL2 in that NA family (TRMT5 = CTRL2) 

 
 

3.2.17.3 Effect of dFFT 
Table 11 summarizes the differences across treatment groups described below. 
 
The effect of dFFT on the proportions of NA families was broadly similar to the effect of OSPW.  In 

general, CTRL2 mesocosms were proportionally richer in Z0 and Z-2 and impoverished for families more 
complex than Z-2 when compared to TRMT1.  For the most complex families (Z-14 to Z-18), however, 
CTRL2 was significantly higher in proportion at Week 1, but lower at Week 9 and 17.  

 
No dFFT-associated effect could be discerned when OSPW was present (i.e. comparing TRMT3 to 

TRMT5). 
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Table 11.  Changes in the proportion (%) of NA families associated with dFFT  

Z 
number 

TRMT1:CTRL2 at Week 
1, 9, and 17 

0 <, =, < 
-2 =, <, < 
-4 >, >, > 
-6 >, >, > 
-8 >, >, > 
-10 =, >, > 
-12 >, >, > 
-14 <, >, > 
-16 <, >, > 
-18 <, >, > 

< indicates TRMT1 contains a lower proportion of that NA family than does CTRL2 (TRMT1 < CTRL2) 
> indicates TRMT1 contains a higher proportion of that NA family than does CTRL2 (TRMT1 > CTRL2) 
= indicates TRMT1 is not significantly different from CTRL2 in that NA family (TRMT1 = CTRL2) 

 

3.2.17.4 Effect of Soil and Installed Vegetation 
Neither the presence of a soil layer nor installed vegetation had any significant effect on the 

proportion of any NA family at any point in the study. 
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3.2.18 Naphthenic Acids – concentration by family 
Estimates of the absolute concentration of each NA family were made in an attempt to better 

understand some of the patterns observed in total naphthenic acids (Section 3.2.16) as well as the 
proportion of each NA family (Section 3.2.17).  However, the author has been cautioned by Dr. Alberto 
Pereira, Trace Organics Supervisor at InnoTech Alberta, that there is significant uncertainty around the 
actual concentration of these compounds.  The samples analyzed by the Orbitrap mass spectrometer are 
a complex mixture, the composition of which is unlikely to resemble that of the available calibration 
standards.  As a result, estimates of NA family concentration in μg/L may contain errors which are more 
severe than the percentage results provided in Section 3.2.17.  With this caveat in mind, the reader 
should review these results with caution. 

 
Figures and tables describing the concentration of NA families in mesocosm waters can be found in 

Section 5.5 of the Data Analysis report (Appendix A).  Correlations and Principal Component Analyses 
(PCA’s) of the NA family data as an absolute concentration can be found in Section 5.4.6 of the Data 
Analysis report (Appendix A). 

 

3.2.18.1 Effect of Time 
Time-related changes in NA family concentrations varied from one experimental group to another 

and are summarized in Table 12.  In the CTRL groups, Z0 and Z-2 NAs showed no significant change over 
time.  Z-4 NAs decreased in CTRL2 and CTRL3, but did not change significantly in CTRL1.  All other NA 
families decreased over time in all CTRL groups. 

 
Except for a mid-study increase in Z0, TRMT1 showed no significant changes over time for NA 

families simpler than Z-14, while Z-14 to Z-18 increased over time.  TRMT2 showed a similar trend, 
except that Z0 increased over time.  In TRMT3, all NA families increased except Z-2 and Z-6, which did 
not change significantly.  In TRMT4, all NA families increased except Z-6, which did not change 
significantly.  Like TRMT1, TRMT5 mesocosms showed a mid-study increase in Z0 NAs and no change in 
Z-2 to Z-8.  NAs of greater complexity than Z-8, however, increased over time in TRMT5. 
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Table 12.  Changes in the absolute concentration (μg/L) of NA families over time  

Z number CTRL1 CTRL2 CTRL3 TRMT1 TRMT2 TRMT3 TRMT4 TRMT5 
Z0 ↔ ↔ ↔ ↔* ↑ ↑ ↑ ↔* 
Z-2 ↔ ↔ ↔ ↔ ↔ ↔ ↑ ↔ 
Z-4 ↔ ↓ ↓ ↔ ↔ ↑ ↑ ↔ 
Z-6 ↓ ↓ ↓ ↔ ↔ ↔ ↔ ↔ 
Z-8 ↓ ↓ ↓ ↔ ↔ ↑ ↑ ↔ 

Z-10 ↓ ↓ ↓ ↔ ↔ ↑ ↑ ↑ 
Z-12 ↓ ↓ ↓ ↔ ↔ ↑ ↑ ↑ 
Z-14 ↓ ↓ ↓ ↑ ↑ ↑ ↑ ↑ 
Z-16 ↓ ↓ ↓ ↑ ↑ ↑ ↑ ↑ 
Z-18 ↓ ↓ ↓ ↑ ↑ ↑ ↑ ↑ 

↑ indicates an increasing trend over time as described in Section 2.10.1.1 
↓ indicate a decreasing trend over time as described in Section 2.10.1.1 
↔ indicates no obvious trend over time 
* Z0 in TRMT1 and TRMT5 may be better described as a mid-study increase (Section 3.2.18.1)  
 

3.2.18.2 Effect of OSPW 
Almost uniformly, mesocosms which lacked OSPW demonstrated lower concentrations in all NA 

families than did OSPW-containing mesocosms.  When comparing those experimental groups which 
contained dFFT and varying amounts of OSPW (TRMT1, TRMT2, TRMT3, and TRMT4), between-group 
differences in the concentration of various NA families were largely, if incompletely, explained by 
differences in OSPW content.   

 

3.2.18.3 Effect of dFFT 
With the exception of Z0 and Z-16 at Week 1, the TRMT1 mesocosms always demonstrated higher 

concentrations of all NA families than CTRL2.  However, no significant dFFT-related differences in the 
concentration of any NA family were found when dFFT was in the presence of OSPW (i.e. TRMT3 vs. 
TRMT5).  

 

3.2.18.4 Effect of Soil and Installed Vegetation 
Neither the presence of a soil layer nor installed vegetation had any significant effect on the 

concentration of any NA family at any point in the study. 
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3.2.19 Metals  
In the interests of brevity and comprehensibility, and in keeping with the nature of this project as a 

screening study, the author has focused on patterns and trends which can be observed within the 
metals data.  Consequently, a certain level of generalization has been introduced into this section, and 
with it some unavoidable loss of detail.  Those readers more interested in the details of particular 
elements than in the overall trends are directed to Section 5.8 of the Data Analysis Report (Appendix A).  
This appendix details changes over time and differences between groups for both the dissolved and 
total concentrations of each individual element.  Correlations and Principal Component Analyses (PCA’s) 
of the metals data can be found in Sections 5.4.4 and 5.4.5 of the Data Analysis Report (Appendix A). 

 
The reader is directed to Table 5.2 in the Data Analysis Report (Appendix A) for a summary of the 

percentage of mesocosms falling below reporting limits for both fractions (dissolved and total) for each 
element.  While the contents of that table will not be repeated here, reductions in sample size were 
reported for: 

 
 Aluminum 
 Antimony 
 Beryllium 
 Bismuth 
 Cadmium 
 Chromium 
 Iron 
 Lead 
 Manganese 
 Mercury 

 Phosphorus 
 Selenium 
 Silicon 
 Silver 
 Thallium 
 Thorium 
 Tin 
 Titanium 
 Zinc 

 
The reader is cautioned that for those elements which drop below the reporting limit in a high 

proportion of mesocosms, some artefacts can appear in the data (see mercury and dissolved chromium 
results in Section 3.2.19.1). 
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3.2.19.1 Effect of Time 
The effects of time are summarized in Table 13. 
 
Three distinct sets of elements could be identified based on the changes in their concentration over 

time.  The first set of elements showed no consistent change over time.  This set included:   
 
 Antimony 
 Arsenic 
 Boron 
 Copper 
 Cadmium 
 Calcium 
 Chlorine 
 Lithium 
 Molybdenum 

 Potassium 
 Selenium 
 Sodium 
 Strontium 
 Sulfur 
 Thallium 
 Tin 
 Uranium 
 Zinc 

 
Within this set, antimony, boron, chlorine, lithium, molybdenum, sodium, and uranium 

demonstrated statistically significant increases over time in TRMT1 and decreases in TRMT4 without 
significant changes in the other experimental groups.   

 
 
A second set of elements exhibited no consistent changes to their dissolved concentrations but did 

produce decreases in their total concentrations.  This set includes: 
 
 Aluminum 
 Cobalt 
 Iron 
 Lead 

 Nickel 
 Silver 
 Vanadium

 
In general, these elements exhibited a substantial undissolved fraction, captured in the total but not 

the dissolved measurement.  Decreases in the total concentration were most commonly noted in the 
OSPW-containing groups.  It should be noted that while the data suggest no particular change in the 
concentration of dissolved lead, the number of mesocosms producing above reporting limit levels for 
dissolved lead decreased dramatically over time until, by Week 17, all mesocosms were below the 
reporting limit.  
 
A third set of elements decreased in both dissolved and total concentrations, mostly in the OSPW-
containing experimental groups.  This set included: 

 
 Barium 
 Beryllium 
 Bismuth 
 Manganese 

 Silicon 
 Thorium 
 Titanium 
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The concentrations of dissolved beryllium and bismuth were too low to be reported in any 

mesocosms at any point in the study (Table 5.1 Appendix A).  As a result, only the total concentration is 
reported for these elements. 

 
Four elements exhibited behaviour which did not fit easily within the three sets defined above.   
 
Three elements appeared to increase over the course of the study (mercury, magnesium, and the 

dissolved fraction of chromium).  However, increasing mercury and dissolved chromium concentrations 
are contradicted by the decreasing number of mesocosms producing above reporting limit values.  By 
the end of the study, no mesocosm reported mercury or dissolved chromium levels above the reporting 
limit.  Similarly, total chromium, showed a decrease in its total concentration over time.   This 
contradiction (i.e. increasing concentrations concurrent with a decreasing number of mesocosms 
producing above-reporting-limit results) is an artefact associated with a reporting limit which varies 
from Week to Week.  The reporting limit is based on the method detection limit multiplied by whatever 
dilution factor was necessary to facilitate the analysis of a particular sample.  As that dilution factor 
varied, so too did the reporting limit (G. Knox, Operations Supervisor, EAS, pers. comm.), and the value 
assigned to those samples which produced a below-reporting-limit result (i.e. a value half-way between 
the reporting limit and zero).   

 
In contrast, no mesocosm ever produced below-reporting limit results for magnesium.  Both the 

dissolved and total concentrations of magnesium increase over time in most experimental groups. 
 
Phosphorus demonstrated two distinct patterns over time, a mid-study increase for OSPW-free 

mesocosms, and an overall decrease in OSPW-containing mesocosms.  In CTRL and TRMT mesocosms, 
dissolved phosphorus increased dramatically in the first half of the study then, over the second half, 
declined to levels well below its original concentration.  In contrast, the OSPW-containing mesocosms 
(TRMT2 – TRMT5) demonstrated a relatively straightforward decrease in phosphorus concentration 
(both dissolved and total) over time.  It should be noted that the Week 17 phosphorus concentrations 
were typically below reporting limits across all mesocosms. 

 

3.2.19.2 Effect of OSPW 
The effects of OSPW are summarized in Table 13. 
 
For most elements, the presence of OSPW was associated with an increase in concentration, both 

for the dissolved and total fractions.  There were, however, some exceptions to this trend. 
 
Calcium is noteworthy in that it was the only element which decreased in concentration as OSPW 

content increased. 
 
For zinc, magnesium, and the dissolved fractions of titanium, cobalt, and thorium, the presence of 

OSPW was associated with an increased initial concentration.  Over time, however, these concentrations 
decreased until, by the end of the study, there were few significant differences between OSPW-
containing and OSPW-free groups. 
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For silicon, iron, lead, and manganese, the dissolved concentration did not differ consistently and 
significantly between the OSPW-free and OSPW-containing groups.   The total concentration was initially 
higher in the OSPW-containing groups but declined over time until there were few if any significant 
differences. 

 
In the case of copper and tin, no consistent statistical differences were observed between the 

OSPW-free and OSPW-containing groups. 
 
The effects of OSPW on phosphorus concentrations are modified by the effects of time as described 

in Section 3.2.19.1.  The mid-study increase in dissolved phosphorus concentrations in the CTRL groups 
overtakes the increase associated with the presence of OSPW, resulting in a situation wherein the TRMT 
groups are higher in dissolved phosphorus at Week 1, similar to or lower than the CTRL groups at Week 
9, then higher again in Week 17.  This pattern is not seen in the concentration of total phosphorus. 

 
The degree to which the concentration of an element could be explained by OSPW content 

appeared to decrease over time.     
 

3.2.19.3 Effect of dFFT 
The effects of dFFT are summarized in Table 13. 
 
In the absence of OSPW, the presence of dFFT was associated with changes in the concentration of 

most elements.  Only the concentrations of copper, magnesium, manganese, mercury, silicon, tin, and 
zinc failed to change when dFFT was present without OSPW.   

 
Two elements, calcium (dissolved and total at Week 17) and phosphorus (dissolved at Week 9) 

decreased when dFFT was present in the absence of OSPW 
 
The remaining elements all increased in concentration to one degree or another.  Increases in the 

dissolved and total fractions across the duration of the study were seen in: 
 
 Arsenic 
 Boron 
 Chlorine 
 Molybdenum 

 Nickel 
 Sodium 
 Strontium 
 Vanadium 

 
Increases in the dissolved and total concentrations of barium and titanium were seen in two of the 

three time points; Week 9 and 17 for barium and Week 1 and 9 for titanium. 
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Sporadic increases in the dissolved and/or total fractions were detected for: 
 
 Aluminum 
 Antimony 
 Beryllium (total only) 
 Bismuth (total only) 
 Cadmium 
 Chromium 
 Cobalt 
 Iron 
 Lead 

 Lithium 
 Mercury 
 Potassium 
 Selenium 
 Silver 
 Sulfur 
 Thallium 
 Thorium 
 Uranium 

 
In contrast, few elements exhibited statistically significant changes in concentration when dFFT was 

present with OSPW.  Those which did were barium, chromium, mercury, phosphorus, strontium, and 
titanium.  Most of these elements increased, while only phosphorus and mercury decreased. 

 

3.2.19.4 Effect of Soil 
CTRL1 mesocosms produced higher levels of dissolved and total barium, magnesium, sulfur, and 

uranium in Week 9 and 17 than in CTRL2.  Sporadic increases in the dissolved and/or total fractions of 
aluminum, calcium, chromium, and copper were also observed. 

 
CTRL1 mesocosms demonstrated lower total concentrations of iron, lead, silicon, and strontium 

than CTRL2 at the end of the study.  Similarly, both dissolved and total potassium was lower in CTRL1 
than CTRL2 at Week 17. 
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3.2.19.5 Effect of Installed Vegetation 
Total phosphorus was higher in CTRL3 than CTRL2 at Week 17.  Otherwise, the presence of installed 

vegetation had no discernible effect on either the dissolved or total concentrations of any element at 
any point in the study. 

 
Table 13.  Changes in the concentration of metals associated with time, OSPW, and dFFT 

Element Fraction 
Effect 

of 
Time 

Effect of 
OSPW 

Effect of dFFT in the 
absence of OSPW 

(TRMT1:CTRL2) at Week 1, 9, 
and 17 

Effect of dFFT in the 
presence of OSPW 

(TRMT3:TRMT5) at Week 
1, 9, and 17 

Aluminum 
Dissolved ↔ ↑ >, =, = =, =, = 

Total ↓ ↑ >, =, > =, =, = 

Antimony 
Dissolved ↔ ↑ =, =, > =, =, = 

Total ↔ ↑ =, =, > =, =, = 

Arsenic 
Dissolved ↔ ↑ >, >, > =, =, = 

Total ↔ ↑ >, >, > =, =, = 

Barium 
Dissolved ↓ ↑ =, >, > =, =, > 

Total ↓ ↑ =, >, > =, =, = 
Beryllium Total ↓ ↑ >, =, = =, =, = 
Bismuth Total ↓ ↑ >, =, = =, =, = 

Boron 
Dissolved ↔ ↑ >, >, > =, =, = 

Total ↔ ↑ >, >, > =, =, = 

Cadmium 
Dissolved ↔ ↑ =, =, > =, =, = 

Total ↓ ↑ =, =, = =, =, = 

Calcium 
Dissolved ↔ ↓ =, =, < =, =, = 

Total ↔ ↓ =, =, < =, =, = 

Chlorine 
Dissolved ↔ ↑ >, >, > =, =, = 

Total ↔ ↑ >, >, > =, =, = 

Chromium 
Dissolved ↓* ↑ >, =, = =, =, = 

Total ↓ ↑ >, =, = =, >, = 

Cobalt 
Dissolved ↓ ↑ =, >, = =, =, = 

Total ↓ ↑ >, =, > =, =, = 

Copper 
Dissolved ↔ ↔ =, =, = =, =, = 

Total ↔ ↔ =, =, = =, =, = 

Iron 
Dissolved ↔ ↔ =, =, = =, =, = 

Total ↓ ↑ >, =, = =, =, = 

Lead 
Dissolved ↓* ↔ >, =, = =, =, = 

Total ↓ ↑ >, =, = =, =, = 

Lithium 
Dissolved ↔ ↑ =, =, > =, =, = 

Total ↔ ↑ =, =, > =, =, = 

Magnesium 
Dissolved ↑ ↑ =, =, = =, =, = 

Total ↑ ↑ =, =, = =, =, = 

Manganese 
Dissolved ↓ ↔ =, =, = =, =, = 

Total ↓ ↑ =, =, = =, =, = 
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Element Fraction 
Effect 

of 
Time 

Effect of 
OSPW 

Effect of dFFT in the absence of 
OSPW (TRMT1:CTRL2) at Week 

1, 9, and 17 

Effect of dFFT in the 
presence of OSPW 

(TRMT3:TRMT5) at Week 
1, 9, and 17 

Mercury 
Dissolved ↓* ↑ =, =, = <, =, = 

Total ↓* ↑ =, =, = <, =, = 

Molybdenum 
Dissolved ↔ ↑ >, >, > =, =, = 

Total ↔ ↑ >, >, > =, =, = 

Nickel 
Dissolved ↔ ↑ >, >, > =, =, = 

Total ↓ ↑ >, >, > =, =, = 

Phosphorus 
Dissolved ↔ ↑ =, <, = =, <, = 

Total ↓ ↑ =, =, = =, =, = 

Potassium 
Dissolved ↔ ↑ =, =, > =, =, = 

Total ↔ ↑ =, =, > =, =, = 

Selenium 
Dissolved ↔ ↑ >, =, > =, =, = 

Total ↔ ↑ =, =, > =, =, = 

Silicon 
Dissolved ↓ ↔ =, =, = =, =, = 

Total ↓ ↑ =, =, = =, =, = 

Silver 
Dissolved ↔ ↑ =, =, = =, =, = 

Total ↓ ↑ >, =, = =, =, = 

Sodium 
Dissolved ↔ ↑ >, >, > =, =, = 

Total ↔ ↑ >, >, > =, =, = 

Strontium 
Dissolved ↔ ↑ >, >, > =, >, > 

Total ↔ ↑ >, >, > =, >, > 

Sulfur 
Dissolved ↔ ↑ =, =, > =, =, = 

Total ↔ ↑ =, >, > =, =, = 

Thallium 
Dissolved ↔ ↑ =, =, = =, =, = 

Total ↔ ↑ =, >, = =, =, = 

Thorium 
Dissolved ↓ ↑ =, =, = =, =, = 

Total ↓ ↑ >, =, = =, =, = 

Tin 
Dissolved ↔ ↔ =, =, = =, =, = 

Total ↔ ↔ =, =, = =, =, = 

Titanium 
Dissolved ↓ ↑ >, >, = =, =, = 

Total ↓ ↑ >, >, = =, >, = 

Uranium 
Dissolved ↔ ↑ =, =, > =, =, = 

Total ↔ ↑ =, =, > =, =, = 

Vanadium 
Dissolved ↔ ↑ >, >, > =, =, = 

Total ↓ ↑ >, >, > =, =, = 

Zinc 
Dissolved ↔ ↑ =, =, = =, =, = 

Total ↔ ↑ =, =, = =, =, = 
↑ indicates an increasing trend over time as described in Section 2.10.1.1 
↓ indicate a decreasing trend over time as described in Section 2.10.1.1 
↔ indicates no obvious trend over time 
< indicates the former group contains a lower amount of the metal than does the latter group (TRMT1 < CTRL2 or TRMT3<TRMT5) 
> indicates the former group contains a higher amount of the metal than does the latter group (TRMT1 > CTRL2 or TRMT3>TRMT5) 
= indicates the former group is not significantly different from the latter group (TRMT1 = CTRL2 or TRMT3=TRMT5) 
* Decreases based on 100% of mesocosms producing below reporting limit concentrations at Week 17
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3.3 Installed Vegetation 
Figures and tables describing the growth of installed vegetation in the mesocosms can be found in 

Section 7 of the Data Analysis report (Appendix A). 
 

3.3.1 Growth and Survival 

3.3.1.1 Effect of Time  

Survival 

No C. aquatilis plants died during the study.   
 
A total of 6 T. latifolia plants died during the first three weeks of the study: 2 from TRMT4, 3 from 

CTRL1, and 1 from CTRL2.  After the first 3 weeks, all remaining T. latifolia plants survived to the end of 
the study.  The more-or-less even distribution across TRMT and CTRL groups suggests that these T. 
latifolia mortalities were not related to the presence of OSPW or dFFT. 

 
All C. demersum appeared viable at the beginning of the study, but by Week 11, no viable C. 

demersum remained in any of the TRMT4 mesocosms.  By Week 17, no viable C. demersum remained in 
any of the TRMT3 mesocosms or in mesocosm C1 from CTRL2. 

 
Growth 

No statistical testing was undertaken to evaluate growth over time, as the trends were either 
obvious, or confounded by the presence of excessive metaphyton.   

 
With the exception of those plants which died within the first 3 weeks of the study, both C. aquatilis 

and T. latifolia grew over time.   
 
Initially, C. demersum decreased in biomass in all experimental groups.    However, changes in C. 

demersum biomass in CTRL1 and CTRL2 were difficult to evaluate in the second half of the study due to 
the presence of substantial amounts of adherent metaphyton (Section 2.7.3 and Figure 39).  By Week 
17, C. demersum from 3 of the CTRL1 mesocosms and 3 of the CTRL2 mesocosms was sufficiently 
burdened with metaphyton to render biomass data suspect.  The increased within-group variability 
associated with the presence of metaphyton is visualized in Figure 40.  When harvested at the end of 
the study, C. demersum appeared to be substantial and reasonably healthy in all of the CTRL1 and CTRL2 
mesocosms except C1, where it had already died off.   

 
In the TRMT groups, C. demersum continued to decrease in biomass over the course of the study, 

but did not acquire a metaphyton burden.   
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Figure 39.  Metaphyton 

The term metaphyton refers to the filamentous algal mass found in proximity to the emergent plants 
 

 
Figure 40.  C. demersum wet weight in CTRL1 (orange) and CTRL2 (blue) 
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3.3.1.2 Effect of OSPW and dFFT 
Only CTRL2 and TRMT2 differed significantly in regard to the height of C. aquatilis; the latter 

experimental group producing significantly taller plants from Week 9 onwards.     
 
While Figure 41 suggests the presence of OSPW was associated with taller T. latifolia, the only 

statistically significant difference was at Week 1, when CTRL1 plants were shorter than TRMT2 and 
TRMT5.  After Week 1, T. latifolia height did not differ significantly across groups. 

 

 
Figure 41.  T. latifolia height in CTRL2 (green) and TRMT5 (pink) 
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At Week 7, C. demersum wet weights were significantly higher in CTRL1 mesocosms than in TRMT3 

and TRMT4 mesocosms.  Similarly, C. demersum wet weights in CTRL2 mesocosms were higher than 
those of TRMT4 mesocosms at Week 9.  After Week 7 for CTRL1 and Week 9 for CTRL2, however, much 
of the C. demersum weight data had been confounded by excessive metaphyton.  As a result, 
subsequent group-wise differences, while statistically significant, may not be biologically significant.  C. 
demersum wet weights never differed significantly among the TRMT groups. 

 
As was described in Section 3.3.1.1, C. demersum died off entirely in all mesocosms from TRMT3 

(50% OSPW over dFFT) and TRMT4 (100% OSPW over dFFT).  Moreover, the death of C. demersum 
occurred earlier in TRMT4 (Week 11) than in TRMT3 (Week 15).   

 

3.3.1.3 Effect of Soil 
No significant difference between CTRL1 and CTRL2 was identified in any of the installed vegetation 

at any point in the study. 
 

3.3.2 Above Ground Biomass 
Figures and tables describing the above ground biomass of T. latifolia and C. aquatilis can be found 

in section 7.3 of the Data Analysis report (Appendix A). 
 

3.3.2.1Effect of OSPW and dFFT 
Despite the appearance of Figure 42, which suggests increased growth in TRMT mesocosms relative 

to CTRL2, there were no significant differences in C. aquatilis above ground biomass between any of the 
experimental groups. 
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Figure 42.  Above ground wet weight of C. aquatilis and T. latifolia 

 
The above ground biomass of T. latifolia in TRMT3 mesocosms was significantly greater than that of 

CTRL2 mesocosms.  No other significant differences were found between the experimental groups for 
this species. 

 

3.3.2.2 Effect of Soil 
The above ground biomass of T. latifolia and C. aquatilis did not differ significantly between CTRL1 

and CTRL2. 
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3.4 Toxicity 

3.4.1 Trout Toxicity 
Figures describing the toxicity of mesocosm water to trout can be found in Section 9 of the Data 

Analysis report (Appendix A). 
 
Overall, levels of toxicity to trout were very low.  At Week 1, LC50 values could be determined for 

water collected from all three of the TRMT4 mesocosms (48.2%, 23.3%, and 66%), and some of the 
TRMT3 and TRMT5 mesocosms.  Water from the remaining mesocosms was reported to produce LC50 
values of “>100%” by the analytical laboratory.  At Weeks 9 and 17, all mesocosms reported LC50 values 
of >100%.  Moreover, what mortality occurred was reported in only a single dilution per mesocosm (see 
Section 3.4.1.2).  With only a single data point per sample, the calculation of a slope from which LC50 
could be estimated proved problematic.  As a result, LC50 (or any LCxx) proved an inadequate measure to 
track changes in toxicity over time or, for the most part, differences between groups.  While a number 
of non-standard measures were considered, none was considered sufficiently useful or unbiased to use 
in statistical analyses.  As a result, the trout toxicity data are presented, but no quantitative statistical 
analyses have been undertaken. 

 

3.4.1.1 Effect of Time 
Trout toxicity appeared to decrease over time.  At Week 1, a total of 116 deaths occurred in water 

collected from TRMT2, TRMT3, TRMT4, and TRMT5.  At Week 9, 10 fish died in water from these 
experimental groups, plus one from a CTRL mesocosm.  By Week 17, only two fish died, and these were 
limited to water collected from a single TRMT5 mesocosm. 

 

3.4.1.2 Effect of OSPW 
It appears that trout survival was adversely affected by the presence of OSPW at Week 1.  Trout 

mortalities were limited to those experimental groups which contained OSPW.  Moreover, total 
mortality within a group appeared to vary with OSPW content.  One fish died in water collected from 
TRMT2 mesocosms, 29 and 31 fish died from TRMT3 and TRMT5 water respectively, and 55 fish died in 
water collected from TRMT4.  No mortalities occurred in TRMT1 water or in water collected from any of 
the CTRL mesocosms.  An OSPW dose effect was less obvious at Week 9, but still perceivable.  By Week 
17, mortalities were so few that no obvious OSPW dose effect could be perceived. 

 
At Week 1, trout mortalities appeared to increase as the proportion of mesocosm water to which 

they were exposed increased.  This is the expected dose-response relationship.  By Week 9, however, 
none of the mortalities occurred in 100% mesocosm water.  At Week 9 and 17, mortalities occurred at 
only a single dilution per sample, typically 12.5%, 25%, or 50%.  This pattern of mortality at the mid-
range dilutions, without any mortality at 0% or 100% mesocosm water, was identified as an interrupted 
dose-response relationship by the testing laboratory (M. Grey, Ecotoxicology Manager, Maxxam 
Analytics, pers. comm.). 
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3.4.1.3 Effect of dFFT 
There were no obvious effects from dFFT. 
 

3.4.1.4 Effect of Soil 
At Week 9, there was a single mortality in water collected from a CTRL1 mesocosm.  At no other 

point were there any mortalities from either CTRL1 or CTRL2 water.  These data are inadequate to infer 
any meaningful toxic effect associated with the presence of soil. 

 

3.4.1.5 Effect of Installed Vegetation 
No trout mortalities occurred in water collected from CTRL2 or CTRL3 mesocosms at any point in the 

study. 
 
 

3.4.2 Microtox® 
Figures and tables describing the results of Microtox ® evaluation of mesocosm water can be found 

in Section 10 of the Data Analysis report (Appendix A). 
 
Like the trout toxicity data, toxicity levels as measured by the Microtox® bioassay were too small to 

calculate IC50 values.  However, some level of toxic effect could be observed for each mesocosm over 
the entirety of the study.  The author has elected to use % Effect (i.e. the reduction in luminescence 
expressed as a percentage of baseline) at the maximum mesocosm water concentration (90% by 
volume) and the longest exposure time (15 minutes) for statistical testing.   

 

3.4.2.1 Effect of Time 
CTRL1 mesocosms showed increasing % Effect values over the course of the study.  No other group 

showed any significant changes over time. 
 

3.4.2.2 Effect of OSPW 
The presence of OSPW was associated with higher levels of toxicity as measured by the Microtox® 

bioassay.  CTRL2 produced greater luminescence (lower % Effect) than did TRMT5 at all time points.  
While the Microtox® results for the TRMT groups never differed significantly amongst themselves, 
TRMT3, TRMT4, and TRMT5 always produced greater % Effect values than CTRL2. In 2 out of 3 time 
points, TRMT3, TRMT4, and TRMT5 produced greater % Effect values than CTRL1 and CTRL3. 

 

3.4.2.3 Effect of dFFT 
TRMT1 mesocosm water produced significantly greater % Effect values than CTRL2 at Week 1, but 

not at any subsequent time point.  TRMT3 and TRMT5 never differed significantly. 
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3.4.2.4 Effect of Soil and Installed Vegetation 
There were no significant effects associated with the presence of soil or installed vegetation. 
 
 

3.5 Periphyton 
Figures and tables describing periphyton dry mass can be found in Section 8 of the Data Analysis 

report (Appendix A). 
 

3.5.1 Effect of Time 
Periphyton dry mass in TRMT4 mesocosms decreased significantly over the study period.  However, 

it was noted at Week 3 that many of the periphyton slides had residual bitumen or other debris sticking 
to their surfaces.  This observation implies the potential for erroneous biomass findings.  Thus, 
interpretation of the data with regards to time-related changes must be approached with caution. 

 
CTRL3 and TRMT3 mesocosms produced no detectable periphyton dry mass at Week 15 while 

TRMT2 produced no periphyton dry mass at Week 11 or 15. 
 

3.5.2 Effect of OSPW and dFFT 
At Week 3, TRMT4 mesocosms produced significantly higher periphyton dry mass than CTRL2.  It is 

not clear whether this result reflects true differences in periphyton biomass or is simply the effect of 
differing amounts of debris in the water.  No significant differences between groups could be found at 
any other time point. 

 

3.5.3 Effect of Soil 
There were no significant differences between CTRL1 and CTRL2 in periphyton dry mass. 
 

3.5.4 Effect of Installed Vegetation 
Periphyton dry mass did not differ significantly between CTRL2 and CTRL3 at Week 3, 7, or 11.  At 

Week 15, CTRL3 mesocosms failed to produce enough dry mass to measure reliably. 
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3.6 Macroinvertebrates 
Figures and tables describing the macroinvertebrate community can be found in Section 3 of the 

Data Analysis report (Appendix A). 
 
While taxa richness, abundance, and diversity (as measured by the Shannon-Weiner Diversity Index) 

were all analyzed, only richness produced statistically significant findings. 

3.6.1 Effect of OSPW and dFFT 
TRMT3 and TRMT4 demonstrated significantly lower taxa richness than did CTRL1 and CTRL2 (Figure 

43).  No other significant differences were seen between experimental groups.  In examining the 
functional feeding groups (Figure 44), it becomes clear that the reduction in taxa richness was 
associated with, but not necessarily limited to, the loss of the Scrapers and Shredder-Herbivores.  Within 
these data, the Scrapers are composed of three families of air-breathing freshwater snails, Physidae (of 
which only a single specimen was found), Lymnaidae, and Planorbidae.  The Shredder-Herbivores consist 
of Helophorus spp. larvae (water scavenger beetle), Antocha spp. larvae (crane fly), and Glyptotendipes 
spp. larvae (non-biting midge of the bloodworm family).  It is noteworthy that TRMT2 also lacks 
members of the Scraper and Shredder-Herbivore functional groups but did not demonstrate significantly 
lower richness.  Similarly, TRMT5 lacked any scrapers, but also did not produce significantly lower 
richness. 
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Figure 43.  Macroinvertebrate richness across experimental groups 
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Figure 44.  Macroinvertebrate community across experimental groups 

 
Figure 45 appears to suggest a similar reduction in macroinvertebrate abundance in TRMT3 and 

TRMT4 compared to the CTRL groups, however this difference did not achieve statistical significance. 
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Figure 45.  Macroinvertebrate abundance 
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3.6.2 Effect of Soil and Installed Vegetation 
There were no significant effects associated with the presence of soil or installed vegetation. 

 

3.7 Zooplankton 
Figures and tables describing the zooplankton community can be found in Section 4 of the Data 

Analysis report (Appendix A).1 
 
Taxa richness, abundance, and diversity (as measured by the Shannon-Weiner Diversity Index) were 

all analyzed; only abundance and diversity produced statistically significant results. 

3.7.1 Effect of OSPW and dFFT 
Despite the similarity in the graphs depicting zooplankton richness and diversity (Figure 46), only 

diversity produced statistically significant differences between groups.  In part, this discrepancy may 
have been influenced by the richness data being log-transformed prior to testing while diversity data 
were not.  The reader is directed to section 1.1 of the Data Analysis report (Appendix A) for details on 
the criteria used to determine which data were log-transformed and which were not.   

 
The diversity data were such that discrete effects of OSPW and dFFT could not be resolved. TRMT2 

produced significantly lower overall abundance than CTRL2.  TRMT1 and TRMT5 produced significantly 
lower diversity scores than all of the CTRL groups, TRMT3 showed lower diversity than CTRL2 and CTRL3, 
while TRMT2 was only significantly less diverse than CTRL2.  The diversity of TRMT4 was not significantly 
different from any of the other groups.   Similarly, richness levels from TRMT4 and TRMT5 were lower 
than those of CTRL1 and CTRL3, while TRMT1 richness levels were only lower than CTRL1. 

 

 
1 May 1, 2019 – It was observed that zooplankton densities (i.e. abundance) observed in 2017 are roughly 

three orders of magnitude lower than those observed in 2018.  After re-examining the 2017 data, it seems likely 
that reported values of zooplankton density more accurately reflect a per-litre metric than the per-cubic-meter 
metric reported by the laboratory.  Unfortunately, the analyzing laboratory cannot confirm these suspicions, nor 
can it provide raw count data from which new estimates could be derived.  Given this ambiguity, leaving the data 
in their original “as reported” form while disclosing the potential for error seems the most appropriate response.  
If zooplankton densities were underestimated in 2017, the effect would be homogenous across all experimental 
groups and time points, leaving the overall interpretation of statistical results unaffected.  Ryan Melnichuk, project 
lead for the 2018 mesocosm study, has been made aware of this issue. 
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Figure 46.  Zooplankton taxa richness (left) and diversity (right) 

 
Lacking any widely accepted functional grouping scheme (C. Lowen, Aquatic Biodiversity Scientist, 

Alberta Environment and Parks, pers. comm.) the zooplankton results were grouped into four categories 
by the analyzing laboratory:  Rotifera (a phylum), Calanoida, Cyclopoida, and Cladocera (Orders) (Figure 
47).  Using these categories as a guide, it was determined that the Calanoida (composed of at least one 
genus) were present in all CTRL groups, but absent from all TRMT groups.  Cladocera (composed of six 
genera) were absent from TRMT4 but present in all other experimental groups. 
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Figure 47.  Zooplankton community 
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3.7.2 Effect of Soil and Installed Vegetation 
There were no significant effects associated with the presence of soil or installed vegetation. 

3.8 dFFT Pore Water 
Figures and tables describing the results of dFFT pore water analysis can be found in Section 11 of 

the Data Analysis report (Appendix A). 
 
Nitrite was below the reporting limit in all samples at all time points, so statistical analyses were not 

conducted on this analyte.   
 

3.8.1 Effect of Time 
The following parameters decreased significantly over the course of the study: 
 Alkalinity (pH 4.5) 
 Chloride  
 Conductivity (25°C) 
 Hardness 
 pH 
 Potassium  
 Sodium 
 Sulfate  
 Total Dissolved Solids 

 
Fluoride and silica levels did not change significantly over the course of the study.  Dissolved nitrate 

levels were not significantly different between Week 1 and Week 17 but dropped below reporting limits 
at Week 9.  Ion balance became significantly more positive over time. 

 
 

3.9 Data Loggers 
Figures describing dissolved oxygen and conductivity as recorded by the data loggers can be found 

in Section 6 of the Data Analysis report (Appendix A). 
 
The data loggers were deployed at depths similar to the shallowest level reported under Water 

Quality – Field measurement (Section 3.1).  Data sonde measurements were subjected to quantitative 
statistical testing, so such testing was not repeated for data logger measurements.  Only a descriptive 
analysis based on the figures in Appendix A is provided. 

 
While water temperature was recorded and used to calculate specific conductivity, temperature 

data collected from the loggers will not be reported.  Given the relatively shallow depth of logger 
deployment, diel fluctuations in temperature primarily reflect changes in weather and photoperiod and 
are not expected to vary substantially between CTRL groups (Section 3.1.1). 

 

3.9.1 Effect of Soil and Installed Vegetation 
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As was seen in Water Quality – Field Measurement (Section 3.1), the CTRL1 mesocosms produced 
steadily increasing DO concentrations over the second half of the study.  No similar trend was observed 
in CTRL2 or CTRL3.  It is interesting to note that while CTRL1 and CTRL2 produce similar diel swings in DO 
throughout the study, CTRL3 appears to have produced larger swings and within-group variance 
between Weeks 6 and 9 (Figure 48). 

 

 
Figure 48.  Mean difference between daily DO maxima and minima (+/- Std. Dev.)  

 
Specific conductivity in CTRL1 produced a qualitatively different trend over time than CTRL2 or 

CTRL3, similar to the sonde data.  CTRL2 and CTRL3 displayed gradually increasing conductivity over the 
course of the study, while CTRL1 displayed a steeper initial increase which levelled off between Week 8 
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and Week 12, followed by a gradual decline.  Both the diel swings and the levels of variability around 
those swings in CTRL2 and CTRL3 mesocosms appeared to be greater than those in CTRL1 between 
Week 6 and Week 11 (Figure 49). 

 

 
Figure 49.  Mean difference between daily Sp. Cond. maxima and minima (+/- Std. Dev.) 

 

3.10 Anecdotal Observations 
During the execution of the study, a number of unplanned observations were made.  Those 

anecdotal observations are reported here. 
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3.10.1 Mesh Sock Colouration 
A considerable difference in the colour of the mesh socks (Section 2.5.3) had been observed in the 

last weeks of the study.  During Week 17, these socks were photographed (Figure 50).  The colour did 
not appear to be a stain, as it had a slimy texture and could be easily removed by physical contact.  Upon 
review of the photographs, the socks from mesocosms which contained OSPW generally appeared 
darker in colour than those from mesocosms which did not contain OSPW. 

 

 
Figure 50.  Mesh socks at Week 17 

 

3.10.2 Snails 
When the mesh socks were being removed from the mesocosms, it was observed that the socks 

withdrawn from those mesocosms which contained OSPW had fewer snails on their surface than those 
withdrawn from OSPW-free mesocosms. 

 

3.10.3 Metaphyton 
Floating masses of filamentous algae (metaphyton) were seen in the mesocosms, typically in 

proximity to emergent vegetation (Figure 39).  These masses appeared to be kept afloat by trapped gas 
bubbles.  Rain would tend to burst these bubbles, allowing the mass to sink temporarily, only to re-
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surface some days later as new bubbles accumulated.  While some small masses were observed in some 
of the TRMT mesocosms by the end of the study, they were never as common or extensive as those 
found in the CTRL mesocosms. 

 

3.10.4 Gas Bubbles and Density of Soil Layer 
Starting at Week 5, gas bubbles were observed rising from the CTRL1 soil layer after penetration by 

the depth gauge (Section 2.8.1).  This continued throughout the remainder of the study.  By Week 15, 
the soil layer had become quite dense, and offered resistance to passage of the depth gauge.  No 
bubbles or resistance was ever noted in any of the mesocosms containing dFFT. 

 

3.10.5 Scum on TRMT5 Mesocosms 
In early August, 2017 (Week 10) the surface of the TRMT5 mesocosms had accumulated patches of 

small bubbles (Figure 51).  This appeared to be the result of a layer of greenish scum which had formed 
on the surface of the mesocosm, trapping gases which would have otherwise escaped.  This scum layer 
disappeared by the end of the study. 

 

 
Figure 51.  Bubbles on TRMT5 mesocosm 

 
The plant material seen in the water to the left of the foam float is terrestrial vegetation which has been blown into the 
mesocosm.  
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3.10.6 Colour of Emergent Vegetation 
In the early and middle portions of the study, the emergent vegetation appeared to be a darker 

shade of green in the TRMT mesocosms than in the CTRL mesocosms.  This subjectively assessed 
difference in colour faded as the study progressed. 

 

3.10.7 Adventitious Vegetation 
Adventitious vegetation (a.k.a. volunteer growth) was commonplace.  Most noteworthy was the 

large amount of submerged vegetation found in the CTRL1 mesocosms (Figure 52).  Based on 
morphology, these plants were tentatively identified as Callitriche hermaphroditica (northern water-
starwort), Potamogeton pusillus (slender pondweed), and Chara spp., though the last species is a green 
alga and not a true plant.  In addition, P. zosteriformis which had escaped from its pots (Section 2.7.3) 
was also observed.  The same species were found in CTRL2 and CTRL3 mesocosms, though to a much 
lesser degree.  Small terrestrial plants appeared in the pots containing emergent vegetation, though no 
attempt was made to identify these species.  Finally, grasses sprouted in long-standing metaphyton 
masses at the end of the study (Figure 53). 

 

 
Figure 52.  Submerged adventitious vegetation in a CTRL1 mesocosm 
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Figure 53.  Grass sprouting on a metaphyton mass 

 

3.10.8 Within-Day Variation in pH and Dissolved Oxygen 
Based on the QC measurements (Section 2.7.1), within-day changes in pH could approach 0.3 to 0.5 

units while DO levels might vary by as much 2 to 3 mg/L.  These changes occurred within the 3-5 hours 
required to complete daily data sonde operations.  Weather conditions and time of year appeared to 
have a strong influence on the degree of change. 

 

3.10.9 Floating Hydrocarbon 
The floating hydrocarbon coincident with the administration of dFFT (Figure 19 and 20) mostly 

disappeared over the first few weeks of the study.  Initially a sticky liquid, this hydrocarbon eventually 
coalesced into semi-solid masses which appeared to sink to the bottom of the mesocosm.  While a few 
of these masses remained at the surface, most were gone 3 to 4 weeks after dFFT administration. 
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4. Discussion 
 

4.1 The Effects of Depth 
The only data collected at multiple depths were the physicochemical measurements described 

under Water Quality – Field Measurement.  Gradients over depth, which resolved with time, were 
evident within these data.  This pattern was surprising given that the river water, OSPW, and dFFT 
administration procedures tended to churn the contents of the mesocosms.  As a result, some 
exploration of those gradients is appropriate.   

 
The data do not indicate dramatic differences in multiple physicochemical parameters at adjacent 

depths as might be expected in the presence of stratification.  The shallow depth (1.55 m) may not allow 
the mesocosms to stratify to any substantial degree.   
 

4.1.1 Temperature 
Temperature tended to decrease with depth, barring the initial influence of warm dFFT as discussed 

in Section 3.1.1.4.  To some degree, this pattern may have been induced by a thermal gradient already 
extant in the water jacket, reflecting the natural thermal gradient of the surrounding soil.  As the ground 
heated over the season, so did the water jacket and the mesocosm.  However, if this were the only 
factor involved in the establishment of a thermal gradient, temperature changes with depth would have 
been similar across all experimental groups.  This was not the case.  At depth, temperature decreased as 
OSPW content increased.  The simplest explanation for this is turbidity associated with OSPW.  Turbidity 
increased as OSPW content increased, keeping the deeper levels shaded and therefore cooler than the 
more superficial levels.  As turbidity decreased over time (Section 3.1.3.2), so did the shading effect, 
resulting in increased temperatures at depth which more closely approached surface temperatures. 
 

4.1.2 Turbidity 
A turbidity gradient was most evident in CTRL1, less so in the other CTRL groups, and sporadic at 

best in the TRMT groups.  In part, this effect is statistical in nature.  In the low turbidity waters of the 
CTRL groups, very small differences in turbidity between depths can be statistically significant.  
Conversely, the background turbidity of waters containing OSPW, or even dFFT release water, makes the 
detection of a similar gradient difficult.  This statistical effect may have been exaggerated in CTRL1 
mesocosms when the data sonde would, occasionally, contact the sediment layer and raise a plume of 
suspended material.  While infrequent and usually followed by relocation of the sonde when detected, 
these events did occur and may have contributed to the observation of increased turbidity at the 
bottom of the CTRL1 mesocosms.   
 
 

4.1.3 Dissolved Oxygen 
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The decrease of dissolved oxygen with depth was affected by the presence of OSPW; the greater the 
OSPW content, the longer the DO gradient persisted.  This gradient was likely established through the 
biological and chemical consumption of oxygen in the absence of any significant photosynthetic activity 
at depth.  OSPW, as a source of biological and (mostly) chemical oxygen demand, tended to deplete the 
mesocosms of dissolved oxygen (Section 3.1.5).  Atmospheric oxygen available at the surface was rapidly 
consumed with depth.  Scant algal material was observed in OSPW-containing mesocosms early in the 
study, and what little may have been present was shaded by high levels of turbidity.  As oxygen sinks 
were depleted, the dissolved oxygen gradient resolved.  It must be noted, however, that this hypothesis 
is only partially supported by BOD and COD measurements (Sections 3.2.10 and 3.2.11).  The presence 
of OSPW increases BOD and COD, and COD demonstrates significant reductions over time in TRMT3 and 
TRMT4.  However, both measures increased significantly in CTRL1 and CTRL2, a pattern which should 
have prolonged the DO gradient in those groups.  This finding is inconsistent with the above hypothesis.  
Whether BOD and COD would have produced different time-related patterns if they had been sampled 
at the middle and bottom depths is not known. 

 

4.1.4 Specific Conductivity 
Specific conductivity tended to increase with depth in those mesocosms which contained a sediment 
layer, be it soil or dFFT.  This pattern suggests an efflux of ions from the sediment into the water.  
Initially, this efflux takes the form of a diffusion gradient which equilibrates into a more-or-less 
homogenous solution over the course of the study.  This gradient in conductivity implies that water 
quality was dissimilar at the top and bottom of the water column, at least during the first half of the 
study, in those mesocosms which contained a sediment layer.  If this effect is of concern to future 
investigators, mid-depth or multiple-depth composite sampling may be superior to a single grab-sample 
collected at the surface.   
 
Differences in the longevity of the gradient correlate with OSPW content and may be statistical in 
nature.  Initially, the gradient is sufficiently distinct that it can be detected, at least sporadically, in the 
presence of 50% or 100% OSPW.  As differences between depths reduce over time, the high background 
conductivity associated with high concentrations of OSPW makes it impossible to resolve the diminished 
gradient. 
 

4.1.5 pH 
In those groups which contained a sediment layer and/or OSPW, pH tended to decrease with depth.   It 
seems plausible that the presence of a sediment layer, as a source of substrates for heterotrophic 
metabolism (Wetzel 1983), would contribute to the production of CO2, with a concordant reduction in 
pH.  Similarly, the effect of OSPW on turbidity and dissolved oxygen as described above may have 
contributed to conditions consistent with a low pH.  While the data may support more specialized and 
sophisticated interpretation, such an analysis is beyond the scope of the current project. 
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4.2 The Effects of time 

4.2.1 Water Quality – Field Measurement 
 
As was described in Section 4.1, the effects of time and depth were often linked.  Over the study 

period, water temperatures tended to converge across groups until there were no significant differences 
between any experimental groups at any depth near the end of the study (Weeks 15 to 17).  Reductions 
in turbidity as well as seasonal changes in air and ground temperature likely contributed to this 
convergence.    

 
While dissolved oxygen tended to increase over time (most evidently at the middle and bottom 

depths), it also tended to show convergence between most groups at the surface and middle depths.  
One exception to this convergence was CTRL1, in which large amounts of submerged vegetation (Figure 
52) drove dissolved oxygen concentrations above those of the other groups. 

 
Turbidity followed an exponential decrease over the course of the study, similar to that described by 

Brandon (2016).  While still significant at the end of the study, the discrepancy between the most and 
least turbid groups diminished in size by an order of magnitude. 

 
Conductivity was largely unchanged in most groups.  A significant increase in TRMT1 conductivity is 

likely another manifestation of the efflux of solutes from dFFT into comparatively low solute river water.  
Simple evaporative concentration (make-up water was not solute-free) may partially explain increasing 
conductivity in CTRL2 though a similar trend would have been expected in CTRL3.  Hypotheses 
concerning the lack of a conductivity trend in CTRL1 are discussed in Section 4.5.1. 

 
An overall increase in pH over time was also observed, particularly at the deepest levels, again 

similar to the results reported by Brandon (2016).  Presumably this is the result of the interaction of 
multiple factors as discussed in Section 4.1.5.  The pH at all depths of CTRL1 mesocosms rose 
dramatically over time, reflecting the depletion of CO2 via submerged photosynthesis (Section 4.5.1). 

 

4.2.2 Water Quality – Laboratory Measurement 
Time-related trends in laboratory water quality results varied according to analyte and experimental 

group, making generalization difficult.   
 
Some analytes did not demonstrate any uniform trends across all mesocosms but did produce time-

related patterns in a subset of experimental groups.  In some cases (e.g. fluoride, sulfate, DOC, and BOD 
in CTRL1 and CTRL2) increases were seen in those groups which did not contain any OSPW, another 
manifestation of the “swamping out” effect of OSPW.  These increases reflected the efflux of materials 
from a sediment layer, be it soil or dFFT, into relatively solute-poor river water.   

 
Fluoride, along with magnesium, may reflect the use of treated potable water to compensate for 

evaporative losses in the mesocosms.  Fluoride increased in all CTRL groups and TRMT1 as the study 
progressed.  While the efflux of fluoride from dFFT into the water column explains the increase in 
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TRMT1, it does not explain the smaller but still significant increases in the CTRL mesocosms.  It was 
noted in Section 2.8.1 that all mesocosms received a similar amount of potable water over the course of 
the study.  Concordantly, fluoride increased to a similar degree in each of the CTRL groups: 
approximately 0.1 mg/L.  If the concentration of fluoride in potable water is assumed to be 0.67 mg/L 
water (EPCOR 2018) and total water inputs averaged 1000 to 1500 L per mesocosm, then the small 
fluoride increases in the CTRL groups could be plausibly attributed to the use of potable water to 
replenish volume lost to evaporation.  It is important, however, to retain some sense of perspective 
when considering the potential impact of this artefactual increase in fluoride.  The total increase in 
fluoride for the TRMT1 mesocosms was estimated at approximately 1.1 mg/L over the course of the 
study.  The bulk of this fluoride was likely to have come from the dFFT layer.  Similarly, fluoride 
concentrations in the OSPW-containing groups were roughly an order of magnitude greater than in the 
CTRLs.  In these groups, changes 2 to 3 times the size of the increase attributable to potable water still 
failed to achieve statistical significance. 

 
In other cases, time-related increases were identified in TRMT1 and decreases in TRMT4.  This was 

observed in total dissolved solids, and several of the metals (Sections 3.2.8 and 3.2.19).  A similar 
pattern was observed by Whelly (2000), although with some discrepancy regarding the elements 
involved. While increasing analyte concentrations inTRMT1 have been explored already, the decreases 
in TRMT4, without similar decreases in the other OSPW-containing groups, are more difficult to explain.  
It may be that these substances were subject to concentration-dependent equilibria, reducing their 
levels in the solute-rich environment of TRMT4 mesocosms (100% OSPW over dFFT), while leaving them 
largely unaltered at lesser OSPW concentrations, and promoting their dissolution in solute-poor river 
water (TRMT1).  Alternatively, or perhaps adjunctively, it may be that the conditions associated with 
TRMT4 mesocosms (i.e. colder, darker, saltier, lower pH, and lower dissolved oxygen than the other 
groups) promoted physicochemical processes which tended to decrease the concentration of these 
analytes.  The latter explanation is undermined by a difference between the timing of changes in 
TRMT4’s water chemistry and the timing of changes to its broader physicochemical characteristics.  The 
significant reductions in a range of TRMT4 analytes typically occurred in the second half of the study (i.e. 
between Week 9 and Week 17) when TRMT4’s temperature, turbidity, and dissolved oxygen levels were 
more similar to those of TRMT1 than they had been in the first half of the study (Week 1 to Week 9 - 
Section 4.2.1). 

 
Other analytes showed decreases over time.  These included many of the metals, silica, phenols, and 

PAHs.  PAHs are strongly associated with the particulate phase and the decrease between Week 1 and 
Week 9 is consistent with the decrease in turbidity observed over this period (Figure 32).  Some of the 
metals which decreased over time did so only when measured “in total”; their dissolved concentrations 
remaining largely unchanged.  These metals, which included aluminum, cobalt, iron, lead, nickel, silver, 
and vanadium, demonstrated much higher total than dissolved concentrations, implying large 
proportions were present as, or adsorbed to, particulate matter.  Presumably, much of their decrease 
was associated with settling particulate matter.   

 
Total naphthenic acids increased over time in those groups which contained OSPW.  Initial values 

were substantially lower than expected.  The original OSPW contained approximately 28.6 mg/L 
naphthenic acids (Table 5.3 Appendix A), resulting in expected concentrations of approximately 7.2 mg/L 
for TRMT2, 14.3 mg/L for TRMT3 and TRMT5, and 28.6 mg/L for TRMT4.  Total naphthenic acids in all of 
these groups were well below these levels at Week 1.  By Week 9, TRMT2, TRMT3, and TRMT5 were 
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approaching their expected levels while TRMT4 had not increased above 20 mg/L.  None of these 
concentrations changed substantially between Week 9 and Week 17.  No similar trend was observed in 
the total naphthenic acid concentrations of the CTRL mesocosms, which either remained unchanged or 
decreased.  An increase was seen in TRMT1 without a plateau from Week 9 to Week 17 (Figure 38).    

 
In terms of proportion, the NA families which constituted the bulk of total naphthenic acids (Z-2 to 

Z-12 comprised approximately 98% of total naphthenic acids in the original OSPW) did not change 
dramatically over the course of the study.  Instead it was the simplest (Z0) and most complex (Z-14 to Z-
18) which showed proportional increases.  These findings are consistent with those of Armstrong (2008) 
and Del Rio (2004).  Han et al. (2009) saw high levels of complex molecules, as this study observed, but 
also relatively low levels of the Z0 and Z-2 NA families.  That investigator presumed the simpler 
molecules had been rapidly degraded in the field.   

 
While it is not clear what processes were responsible for these trends, several superficial 

interpretations can still be attempted.  First, the naphthenic acids were present in the mesocosms and 
did not suffer excessive adsorptive losses to the wastewater storage tanks or hoses.  Second, the 
appearance of low naphthenic acid concentrations at Week 1 seemed to have little to do with the 
presence of dFFT.  While dFFT tended to release naphthenic acids into river water (TRMT1), it seemed to 
have little to no effect on total naphthenic acids, proportion by family, or absolute concentration by 
family in the presence of OSPW.  Third, the magnitude of the initial drop (or the appearance of a drop) 
in total naphthenic acids seems proportional to the total OSPW content of the experimental group.  At 
Week 1, TRMT2 mesocosms produced total NA concentrations which were 70% of what was expected, 
TRMT3 and TRMT5 mesocosms were at 46% and 59% of their respective expected concentrations, and 
TRMT4 only achieved 31% of its expected naphthenic acid concentration.  Fourth, the Z-14 and Z-16 NA 
families appear to increase in absolute concentration to levels well above those seen in the original 
OSPW.  With the exception of Z0, the absolute concentrations of all other NA families stay below the 
levels observed in the original OSPW.  These results suggest that molecules in the Z0, Z-14, and Z-16 
families may have been generated within the mesocosm.  It has been suggested that this effect may be 
the result of the release of complex naphthenic acids from the dFFT layer.  Certainly, the increases in Z-
14, Z-16, and Z-18 in TRMT1 over time support this hypothesis (Table 12).   However, the lack of any 
significant differences between TRMT3 and TRMT5 in the Z-14 and Z-16 families is inconsistent with 
dFFT being the most important source of these families. 

 
It has been communicated to the author that the quantification of naphthenic acid species in 

absolute terms (i.e. μg/L) is associated with some poorly-defined level of error.  Within the context of 
this study, the impact of that error has been mitigated by using a single homogenized source of OSPW 
(the major source of naphthenic acids) for all exposures and by limiting the interpretation of data to 
differences between time points or experimental groups.  By using a single homogenized source of 
OSPW, the composition of the naphthenic acid mixture to which mesocosms were exposed is uniform 
(barring the comparatively small contribution from dFFT) even though it may differ substantially from 
the composition of the calibration standard.  By limiting interpretation to comparisons between groups 
or time points, the differences between sample composition and standard composition tend to “cancel 
out”. However, the reader should still consider data from multiple sources/methods, where available, 
before coming to conclusions regarding changes in the naphthenic acid profile over time. 
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Like fluoride, the relatively small (i.e. ~ 1 mg/L) but significant increases in magnesium in most of the 
experimental groups are consistent with the use of potable water to offset evaporative losses.  
However, the increases in CTRL1 are roughly an order of magnitude greater than those in the other 
groups.  The simplest explanation is, as has been described for other analytes, dissolution of magnesium 
from the soil layer.  Given the importance of magnesium in the production of chlorophyll, biotic 
demands may have reduced the magnitude of magnesium’s increase (Wetzel 2001, Cole and Weihe 
2015). 

 
Phosphorus demonstrated time-related trends which were qualitatively different between those 

experimental groups which contained OSPW and those which did not.  In the CTRL groups and TRMT1, 
phosphorus demonstrated a dramatic mid-study increase.  Concentrations increased by factors of 2 to 7 
times between Week 1 and Week 9, then fell over the second half of the study to levels which were, at 
least for the dissolved fraction, consistently below the reporting limit. 

 
In contrast, mesocosms which contained OSPW began the study with phosphorus levels 4 to 5 times 

higher than those of the non-OSPW groups, but then declined over the course of the study to levels the 
same as (total) or slightly higher than (dissolved) those of their non-OSPW counterparts.  A full 
exploration of this topic, and the mechanisms which may be responsible for it, is beyond the scope of 
this study. 

 

4.2.3 Installed Vegetation 
The emergent plants, T. latifolia and C. aquatilis, grew taller over time as would be expected.  C. 

demersum, however, produced a different trend.  Initially, there was a decline in biomass, possibly the 
result of a change in water chemistry.  Even the fairly innocuous differences between Vegreville surface 
water and Athabasca River water may have been enough to cause this decline in biomass in CTRL1 and 
CTRL2 (Lahring 2003).  By Week 7, C. demersum biomass in CTRL1 and CTRL2 appeared to at least 
stabilize, if not increase, to the degree that such interpretations can be supported given the confounding 
effects of metaphyton (Section 3.10.3).  In the TRMT groups, biomass continued to drop throughout the 
study until little or no obviously viable biomass persisted.  This latter finding was not unexpected as C. 
demersum has been identified as an indicator species for the successful reclamation of wetlands in the 
AOSR due to its relative sensitivity to poor water quality (Rooney and Bayley 2011, AESRD 2013). 

 

4.2.4 Toxicity 
Very low levels of toxicity were detected by both the trout and Microtox ® assays.  However, further 

reductions in trout toxicity occurred in OSPW-containing groups over the course of the study while the 
Microtox® results stayed essentially unchanged in all groups, trends which have been observed 
previously (Lai et al. 1996, Toor et al. 2013).  The dramatic reductions in suspended solids, as indicated 
by decreasing turbidity (Section 3.1.3.2) over time, could be partially responsible for decreasing levels of 
acute toxicity to trout (M. Grey, Ecotoxicology Supervisor, Maxxam Analytics).  While the data from this 
study cannot resolve which OSPW components resulted in toxicity to trout and A. fischeri (V. fisheri prior 
to 2007 – Urbanczyk et al. 2007), the different trends produced by each assay suggest that different 
mechanisms or substances may have affected each organism.  To some degree, the identification of the 
mechanism of toxicity is an academic matter, as levels of overall toxicity were very low and showed no 
signs of increasing. 
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4.2.5 Periphyton 
There is some indication of decreasing periphyton biomass over time, although the only significant 

reduction occurred in TRMT4 between Week 3 and Week 7.  At first it is tempting to attribute this result 
to the high initial concentration of phosphorus in TRMT4.  However, if phosphorus was responsible for 
increased periphyton biomass, mid-study increases would be expected in the CTRL groups and TRMT1 
(Section 3.2.19.1).  Such a pattern was not observed.  An alternative explanation for changes in 
periphyton biomass is that the Week 3 data were spurious, the result of floating debris adhering to the 
slides (Section 3.5.1.1).  Future investigators should note that periphyton biomass did not reliably reflect 
the presence of large amounts of metaphyton in the CTRL mesocosms, nor the colouration of mesh 
socks at the end of the study (Section 3.10.1). 

4.2.6 dFFT Pore Water 
A decreasing trend was observed for most analytes in dFFT pore water.  This is consistent with the 

efflux of solutes from sediment even in the presence of OSPW.  In most cases, the bulk of the reduction 
occurred between Week 1 and Week 9.  Since the first samples of dFFT were taken directly from the 
steel drums, without having first been immersed in the mesocosm, it is difficult to know how rapidly 
that initial decrease occurred.   

It is interesting to note that pH appears to exhibit a decreasing trend rather than the increasing 
trend described in Water Quality – Field Measurement (Section 3.1.2.2).  It must be understood that the 
sonde records pH in situ whereas the pore water samples were stored for considerable periods and 
manipulated multiple times before pH was measured.  As a result, the discrepancy between pore water 
and field measurement may not be meaningful. 

4.2.7 Data Loggers 
Over periods of weeks, dissolved oxygen increased dramatically in CTRL1 but less so in CTRL2 and 

CTRL3.  Specific conductivity appeared to creep upwards in CTRL2 and CTRL3, while CTRL1 exhibited a 
trend more akin to a mid-study increase.  These are the same patterns described in Sections 3.1.4.2 and 
3.1.5.2.  Diel cycles were also observed in the data and are described in Section 4.5.3.  
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4.3 The Effects of OSPW 

4.3.1 Water Quality – Field Measurement 
OSPW increased conductivity and turbidity in the mesocosms while decreasing temperature and 

dissolved oxygen, although the decreases were more evident at depth.  These are not unexpected 
findings and have been discussed previously (Sections 4.1.1 and 4.1.3).  Increases in pH resulting from 
the addition of OSPW were smaller and less consistent than expected (Whelly 2000, Mollard et al. 2012, 
Brandon 2016).  However, the pHs of OSPW and river water were not substantially different according 
to the source material characterizations (8.43 and 8.49 respectively - Appendix A).  Moreover, time of 
day had a considerable effect on pH.  Using the quality control (QC) data as a guide, pH would increase 
by 0.3 to 0.5 pH units over the 3 to 5 hours required to collect a day’s measurements.  In order to avoid 
confounding dissolved oxygen and pH data, mesocosms were sampled in a geographic order (i.e. north 
to south and south to north on alternating weeks).  While this avoided a biased data set, it probably 
increased within-group variance, making pH increases associated with the presence of OSPW more 
difficult to detect.  How well the supply ponds, the source of the QC samples, predicted the behaviour of 
OSPW-treated mesocosms is open to debate.  The TRMT mesocosms appeared to contain less 
submerged photosynthetic material (be it algal or macrophytic) than the supply ponds from which QC 
data were collected.  Assuming that pH is largely driven by photosynthesis and respiration in the 
absence of dFFT or OSPW (Whitney 1942, Cole and Weihe 2015), differences in photosynthetic biomass 
may have degraded the ability of QC data to predict pH swings in OSPW-containing mesocosms.  

4.3.2 Water Quality – Laboratory Measurement 
The addition of OSPW to the mesocosms was associated with a marked increase in the 

concentration of the vast majority of analytes.  This was not true, however, for PAHs, copper, or tin, 
which showed almost no change.  Hardness and calcium, the latter being a component of the former, 
appeared to decrease in the presence of OSPW, perhaps reflecting the addition of water softening 
agents during bitumen extraction (Small et al. 2014).  While each family of naphthenic acids increased in 
absolute concentration, the proportion of the simple molecules (Z0 and Z-2) tended to decrease while 
the proportion of the larger, more complex molecules tended to increase.  While the presence of OSPW 
tended to be associated with an initial increase in phosphorus concentration, it also changed the 
behaviour of phosphorus over time as described in Section 3.2.19.1.   

4.3.3 Installed Vegetation 
The presence of dFFT and OSPW at concentrations less than 100% enhanced the growth of C. 

aquatilis and T. latifolia (Sections 3.3.1.2 and 3.3.2.1).  These small but significant increases in plant 
height (C. aquatilis) and biomass (T.latifolia) were observed at 25% and 50% OSPW respectively and only 
in comparison to CTRL2 (0% OSPW, no sediment).  Presumably, the plants in CTRL1 mesocosms 
benefitted from nutrients emanating from the soil layer and were slightly, though insignificantly, larger 
than those in CTRL2 while not differing significantly from those of TRMT2 (25% OSPW over dFFT) and 
TRMT3 (50% OSPW over dFFT).  These findings are consistent with those of Foote and Hornung (2008), 
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but contrast with those of Mollard et al. (2012, 2013). The enhancement of growth was most evident at 
25% and 50% concentrations of OSPW, suggesting that there may be an optimum concentration with 
respect to emergent plant growth in soil of a given composition.   

In contrast, C. demersum survival was adversely affected by OSPW in a more or less dose-dependent 
manner.  If there is a concentration of OSPW that C. demersum can tolerate, it appears to be below 25%.  
The sensitivity of this species to oil sands materials has been well established (Trites and Bayley 2009, 
Rooney and Bayley 2011). 

4.3.4 Toxicity 
Both trout and Microtox® toxicity varied directly with the amount of OSPW present within the 

mesocosm.  At Week 1, 96-hour trout LC50 values for TRMT4 mesocosms (100% OSPW over dFFT), were 
within the range of values reported in the literature, albeit a range of considerable size (Mahaffey and 
Dubé 2016).  Consistent with the results of others (Hrynyshyn 2012, Toor et al.2013), there was almost 
no toxicity to trout by Week 17.  Conversely, the Microtox® results implied a lower level of toxicity than 
is typically reported in the literature (Quagraine et al. 2005, Toor et al. 2013), but one which was stable 
over time (Section 3.4.2.1).  Both Lai et al. (1996) and Toor et al. (2013) found similar discrepancies 
between decreasing fish toxicity and stable Microtox® results, surmising that the two organisms were 
responding to different components of OSPW. 

While an attempt to correlate toxicity results with specific compounds or elements is beyond the 
scope of this study, it is interesting to note that neither Microtox® nor trout toxicity results paralleled 
the increase-to-plateau pattern described for total naphthenic acids in Section 3.2.16.1.  In addition, 
when the absolute concentration of each NA family was estimated (Section 3.2.18), each family either 
remained unchanged or increased in concentration in all of the OSPW-treated experimental groups.  
Hence, the behaviour of all NA families was inconsistent with trout results, and all except Z-6 were 
inconsistent with Microtox® results.  Of course, this level of interpretation assumes that neither the 
imprecision associated with estimates of NA family concentrations (see caveat Section 3.2.18) nor the as 
yet unexplained decrease in total naphthenic acids (Section 4.2.2) at Week 1, degraded the ability to 
assess the naphthenic acid profile to which the test organisms were exposed.    

4.3.5 Periphyton 
At Week 3, the high level of OSPW in TRMT4 appeared to be associated with increased periphyton 

biomass (Section 3.5.2).  However, floating debris in the water (e.g. hydrocarbon from dFFT 
administration) often adhered to the periphyton slides, making the validity of this result questionable.  
The lack of any other significant group-wise differences in algal parameters associated with the presence 
of OSPW is not unprecedented (Leung et al. 2003, Boutsivongskad 2013) but is still somewhat surprising 
given some of the anecdotal observations (Sections 3.10.1 and 3.10.5).  Large amounts of algae were 
observed attached to internal surfaces and floating free in the CTRL mesocosms but were seldom 
present in the TRMT mesocosms.  When floating masses of algae (i.e. metaphyton) were present in the 
TRMT mesocosms, they did not appear to be as large as those found in the CTRL mesocosms.  
Conversely, the development of what appeared to be an algal “scum” on the TRMT5 mesocosms (Figure 
51) and the difference in colouration of the mesh socks at the end of the study (Figure 50) suggested
that OSPW has some effect on the algal community, although what that effect is and how it is mediated
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is unknown.  Certainly, others have found OSPW to have effects on algal community structure (Leung et 
al. 2001, 2003, Levesque 2014).  Moreover, hydrocarbon contamination has been shown to have a 
positive effect on the microphytobenthos through reduced grazing from meiofauna and macrofauna 
(Bennett et al. 1999).  Given the importance of algae as a primary producer, the DPL may wish to 
consider more extensive investigation of algal effects in future studies. 

 

4.3.6 Macroinvertebrates 
The macroinvertebrate communities of TRMT3 and TRMT4, which contained 50% and 100% OSPW 

respectively, experienced a decrease in richness compared to CTRL1 and CTRL2.  While these results do 
not exclude an effect from dFFT, the slope of Figure 43 between TRMT1 and TRMT4 suggests that at 
least some of the reduction is attributable to OSPW.  In those groups which contain both dFFT and 
OSPW, the Shredder-Herbivore and Scraper functional groups have been eliminated (Figure 44).  When 
only OSPW was present in the mesocosm (TRMT5), the Shredder-Herbivore functional group was still 
present.   The loss of the Scraper group, composed entirely of gastropods within the mesocosms 
(Section 3.6.1), is consistent with a noticeable dearth of snails on the mesh socks as they were 
withdrawn from the OSPW-containing mesocosms.  A reduction in macroinvertebrate richness 
associated with oil sands process affected materials has been observed previously (Whelly 2000, 
Leonhardt 2003, Barr et al. 2004), as has gastropod sensitivity to OSPW and its components (Barr 2009, 
Johnston 2015, Marasco 2017).  A more detailed species-by-species examination of the data may yield 
additional information on the relative sensitivity of different macroinvertebrate taxa to OSPW and dFFT. 

 
The reader is urged, however, to realize the limitations imposed on these data by the sampling 

method.  All samples were collected using Hester-Dendy samplers, devices which collect mostly 
epifaunal (surface-dwelling) invertebrates.  Free-swimming macroinvertebrates are largely absent from 
our samples, so the impact of OSPW on those biota cannot be determined from these data.  Future 
studies might use activity traps in addition to Hester-Dendy samplers to get a more representative 
sample of the macroinvertebrate community as it exists within the mesocosms. 

 
Furthermore, we expect the mesocosm macroinvertebrate community was simpler than that of a 

“real-world” ecosystem.  The relative lack of taxonomic diversity within such a simple community may 
tend to overstate the impact of OSPW on the Shredder-Herbivore and Scraper functional groups, or 
conversely underestimate the impact of OSPW and dFFT on species and communities not present in the 
mesocosms but extant in the region.  While these are cautions against over-extrapolation, the results 
still support the interpretation that OSPW appears to affect some taxa more than others and give some 
indication of which taxa may be most sensitive. 

 

4.3.7 Zooplankton 
Despite some differences in the statistical findings, the broader patterns exhibited by the 

zooplankton community were similar to those of the macroinvertebrate community: the presence of 
OSPW and dFFT is associated with the loss of organisms/taxa.  Unlike the macroinvertebrates, however, 
the significant reductions in abundance and diversity did not show any patterns consistent with OSPW 
dose dependency. 
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In viewing the taxonomic breakdown of the data (Figure 47) it is tempting to assume that the 
Calanoida were particularly sensitive to oil sands materials.  However, the limits to the interpretation of 
macroinvertebrate data also apply to the zooplankton data.  Specifically, the Calanoida within the 
samples consisted of one distinct genus (Diaptomus) and an unknown number of genera represented by 
juveniles which had not matured sufficiently for their genus to be determined.  It is possible that all of 
the Calanoida in our samples belonged to a single species which would largely invalidate extrapolation 
to the rest of the order.  The same limitation affects the Cyclopoida.  In comparison, the Cladocera were 
represented by 6 distinct genera without the presence of any unidentified juveniles, making the near-
total loss of this order in the high-exposure TRMT4 mesocosms (100% OSPW over dFFT) more 
meaningful. 

Taking a conservative approach to the interpretation of the zooplankton data, it is safe to say that 
some taxa were more sensitive to the presence of OSPW/dFFT than others.  The relative sensitivity of 
each genus identified in this study would require a level of analysis beyond that specified in the Study 
Plan.     
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4.4 The Effects of dFFT 

4.4.1 Water Quality – Field Measurement 
While dFFT was associated with temporary or intermittent effects on pH, turbidity, temperature, 

and dissolved oxygen, it was only specific conductivity that responded consistently to the presence of 
dFFT.  The increase in specific conductivity reflected an efflux of ions from the dFFT layer into the 
overlying water.  Brandon (2016) observed a similar pattern working with un-densified FFT.  However, 
the presence of solute-rich OSPW in the mesocosm masked this effect, making the dFFT-associated 
increase in specific conductivity detectable only when OSPW was absent.  This pattern of a dFFT-
associated effect which could only be detected in the absence of OSPW was ubiquitous in this study. 

4.4.2 Water Quality – Laboratory Measurement 
As discussed in the preceding section, the major impact of dFFT was through the release of solutes 

into the overlying water, which was most noticeable in the comparatively dilute river water.  Of the few 
analytes which were observed to increase in the presence of OSPW, PAHs were particularly noteworthy.  
These compounds were strongly associated with the presence of dFFT at Week 1, but almost completely 
absent at Week 9 and Week 17.  The rapid loss of these compounds from the surface water is 
inconsistent with the pattern more commonly attributed to dFFT: a gradual increase in concentration 
over time.  While the data cannot exclude degradation of these compounds as a mechanism for their 
depletion from surface waters (Bennett et al. 1999), a more plausible explanation is close association of 
these molecules to suspended particulates (Latimer and Zheng 2003, Miskimmin et al. 2010) which sank 
to the bottom of the mesocosm in the days following dFFT administration. 

Few analytes decreased in the presence of dFFT.  In the absence of OSPW, there were transient 
reductions in the concentrations of calcium (Week 17) and dissolved phosphorus (Week 9).  Phosphorus 
decreased even in the presence of OSPW, likely as a manifestation of the time-based trends discussed 
under Section 3.2.19.1.   

4.4.3 Installed Vegetation 
The only significant group-wise differences in the growth of emergent plants were seen between a 

group which contained neither OSPW nor dFFT (CTRL2) and two groups which contained both OSPW and 
dFFT (TRMT2 and TRMT3).  As a result, the independent effects of OSPW and dFFT cannot be discerned.  
The lack of any significant differences between TRMT1 and TRMT3, and their dFFT-free counterparts 
(CTRL2 and TRMT5) suggests that any effect on the growth of C. aquatilis and T. latifolia associated with 
the presence of dFFT was too small to detect.   

Conversely, significant differences in C. demersum wet weights were observed between CTRL2 and 
TRMT1 but were confounded by the presence of significant amounts of metaphyton.  TRMT3 and 
TRMT5 differed over the last two weeks of the study in that all C. demersum died in TRMT3 while some 
still appeared viable in each of the TRMT5 mesocosms, even if too small to weigh accurately.  Even if 
these alterations to C. demersum survival are repeatable and the consequence of exposure to dFFT, the 
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difference between the complete loss of C. demersum and survival of amounts too small to measure 
may not matter to the biological integrity of the model aquatic ecosystem as a whole. 

Perhaps the most interesting effect of dFFT on plants was the absence of adventitious vegetation.  
All CTRL groups contained some submerged vegetation, even those groups which lacked a sediment 
layer or intentionally installed plants (i.e. CTRL2 and CTRL3).  In some cases, this vegetation was P. 
zosteriformis which had “escaped” from its pot.  In other cases, adventitious colonizers were tentatively 
identified as Callitriche hermaphroditica (northern water-starwort), Potamogeton pusillus (slender 
pondweed) and Chara spp., though the last is a green alga and not a true plant.  No submerged 
vegetation other than algae was observed in any of the TRMT mesocosms, including TRMT1, which did 
not contain any OSPW.  This observation is consistent with those of Roy et al. (2016) and suggests that 
dFFT alone is sufficient to impede submerged macrophyte colonization. 

4.4.4 Toxicity 
Trout survival appeared unaffected by the presence of dFFT.  A minor increase in Microtox® % Effect 

values was noted when dFFT was present in the absence of OSPW at Week 1, but not at Week 9 or 
Week 17.  Given the low levels of Microtox ® toxicity observed in this study (Section 3.4.2), a minor and 
transient increase in the presence of dFFT is unlikely to be meaningful. 

4.4.5 Periphyton 
The only significant group-wise differences in periphyton biomass were between TRMT4 (100% 

OSPW over dFFT) and CTRL2 (no OSPW or dFFT) at Week 3, so the individual effects of OSPW and dFFT 
cannot be distinguished.  Moreover, floating debris degraded the quality of the periphyton data at Week 
3. Other investigators have suggested that FFT has little effect on phytoplankton biomass, albeit with
some changes to the structure of the community (Hrynyshyn 2012)

4.4.6 Macroinvertebrates 
As has already been discussed, it is difficult to separate the effects of dFFT on the macroinvertebrate 

community from those of OSPW (Section 4.3.6).  Figure 43 suggests that dFFT may simplify 
macroinvertebrate communities, as the dFFT-containing TRMT1 and TRMT3 appear to demonstrate 
lower taxa richness than their dFFT-free counterparts (CTRL2 and TRMT5 respectively).  Such an effect 
might be expected from the literature (Whelly 2000, Leonhardt 2003, Barr et al. 2004), but is either truly 
absent or present but too small to achieve statistical significance. 

The Shredder-Herbivore functional feeding group was present when subjected to 50% OSPW in the 
absence of dFFT (TRMT5) and when subjected to dFFT in the absence of OSPW (TRMT1), but absent 
when subjected to both 50% OSPW and dFFT (TRMT3).  Moreover, the same functional feeding group 
was absent even when the OSPW concentration was reduced to 25% but the presence of dFFT was 
maintained (TRMT2). This pattern suggests the possibility that the effects of dFFT and OSPW in 
combination may be greater than the sum of their individual effects.  Additional and more focussed 
investigation is required to confirm or refute this hypothesis. 
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However, as was cautioned earlier, the simplified composition of the macroinvertebrate community, 
sampling bias, and the use of a single time point, can lead to over-interpretation of the data.  Within the 
context of the available data, the Shredder-Herbivore functional group consists of only three genera, 
Helophorus (a genus of beetles), Antocha (a genus of crane fly) and Glyptotendipes (a genus of non-
biting midge).  Of these, only Helophorus and Glyptotendipes were present in TRMT5.  It may be that any 
synergistic effect of OSPW and dFFT is exerted upon the larvae of only two genera. 

 

4.4.7 Zooplankton 
The reduced zooplankton diversity in TRMT1 relative to CTRL2 suggests that dFFT alone can exert a 

negative effect on the zooplankton community.  Like so many other parameters, this effect seems to be 
obfuscated by the presence of OSPW in the mesocosm.   
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4.5 The Effects of Soil 

4.5.1 Water Quality – Field Measurement 
As expected, the large amount of submerged vegetation in CTRL1 dramatically increased dissolved 

oxygen and pH (Whitney 1942, Kersting 1994, Shaw 1997, He et al. 2015, Cole and Weihe 2015).  The 
presence of a soil layer also tended to increase turbidity at depth and conductivity throughout the 
mesocosm.  The mechanism by which turbidity was raised has been discussed in Section 4.1.2.  The 
increased conductivity is likely mediated by a dissolution of ions similar to that attributed to dFFT in 
Section 4.4.1, albeit to a lesser degree and of differing composition.  Photosynthetic activity may explain 
the lack of an increasing trend in the conductivity of CTRL1 mesocosms (Brock et al. 2000, Knauer and 
Hommen 2012).  Initially, the dissolution of ions from the soil dominates, increasing conductivity.  As 
submerged vegetation grows, it pulls CO2 and nutrients from the water, decreasing conductivity.  The 
combined processes would tend to keep overall conductivity more or less stable, although the data 
suggest the possibility of a mid-study increase (Appendix A).  This hypothesis is supported by changes in 
alkalinity, which decreased significantly between Week 9 and Week 17 in CTRL1, when submerged plant 
growth appeared to be greatest.    

4.5.2 Water Quality – Laboratory Measurement 
A soil layer was associated with the efflux of compounds and elements as was described for dFFT, 

albeit involving a more restricted list of solutes.  Interestingly, five elements (iron, lead, silicon, 
strontium, and potassium) tended to decrease in the presence of soil.  While an extensive assessment of 
the fate of any particular element is beyond the scope of a screening study, it seems plausible to suggest 
that iron may have precipitated in the presence of high dissolved oxygen concentrations (Cole and 
Weihe 2015), while lead, and possibly strontium, may have adsorbed to organic matter and dropped out 
of the water column (Wetzel 2001, Boyer et al. 2018).  Presumably, potassium concentrations could 
have decreased through adsorption to clays or organic matter, or by biological uptake (E. Taylor, pers. 
comm.).  The lack of any significant decrease in potassium concentrations during the first half of the 
study, when the greatest reductions occurred in turbidity, tends to support the latter hypothesis. 

4.5.3 Data Loggers 
The effects of soil on dissolved oxygen and specific conductivity on the scale of weeks or months 

have already been discussed.  On the scale of hours, however, there appeared to be remarkably little 
difference between CTRL1 and CTRL2.   It was expected that CTRL1 would demonstrate greater daily 
peak-to-trough differences in dissolved oxygen and specific conductivity than CTRL2 as the density of 
submerged plants increased in the former (Kersting 1994, Brock et al. 2000, Knauer and Hommen 2012, 
Cole and Weihe 2015).  While diel cycles in DO and conductivity were observed, their amplitude did not 
appear to differ substantially between CTRL1 and CTRL2.  Wetzer (2001) suggests that in higher plants, 
gas storage in internal voids (lacunae) mitigate the effects of photosynthesis and respiration on water 
chemistry.  Diel cycles such as the ones expected might be more characteristic of systems dominated by 
micro- and macroalgae.  More detailed observations of phytoplankton communities within the 
mesocosms may aid in the interpretation of dissolved oxygen, specific conductivity, and pH data in 
future studies.   
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4.5.4 Installed Vegetation, Toxicity, Periphyton, Macroinvertebrates, and Zooplankton 
None of the other data sets showed any substantial differences attributable to the presence of soil 

in CTRL1. 

4.6 The Effects of Installed Vegetation 
The differences in installed vegetation between CTRL2 and CTRL3 mesocosms amounted to 2 pots of 

T. latifolia, 2 pots of C. aquatilis, and approximately 25 grams of C. demersum.  The presence of these
plants was associated with a decrease in total phosphorus concentration at Week 17.  No other
significant differences were found between CTRL2 and CTRL3.  Presumably, the decrease in phosphorus
reflects uptake by plants.

The lack of any other significant findings is consistent with a reviewer criticism of the Study Plan, 
which suggested a great deal more plant material needed to be included in the mesocosms if the effects 
of installed vegetation were to be observable.  As has been seen in the previous section, the effects of 
plants can be significant if present in sufficient quantities, although it is uncertain whether emergent 
vegetation would have the same effects as submerged vegetation, particularly around issues of gas 
exchange.  Future investigators may wish to focus on total biomass more than taxonomic diversity if 
effects attributable to plants are a focus of the study. 
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