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Keynote Speaker/Conférencier principal

Aquatic Contaminated Sites – Assessment,
Remediation and Recovery
Ken Reimer, Professor, Chemistry and Chemical
Engineering Department and Director, Environmental
Sciences Group, The Royal Military College of Canada,
Kingston, ON
Sediments are often the main repository of contaminants
in aquatic ecosystems, especially for hydrophobic
contaminants that bind tightly to sediment particles.
Sediments also provide a record of historical discharges.
These contaminants can continue to influence ecosystem
health through fluxes to the overlying water column or
via uptake into the food web via benthic organisms. This
talk will focus on two aquatic contaminated sites where
sediments are closely linked to ecosystem and human health.
The first example is the Kingston Inner Harbour. The western shoreline of the harbour
from the causeway to Belle Park was heavily industrialized in the early 1900s and
discharges from a tannery, a lead smelter and other sources resulted in highly
contaminated sediments beneath the waters of the Cataraqui River. The Environmental
Sciences Group of the Royal Military College recently completed a detailed assessment
of the effects of this legacy on the ecological health of the harbour as well as potential
risks to humans. The evidence strongly suggests that the area would benefit from targeted
remedial efforts and would allow this relatively unused part of Kingston to become a
community asset.
The second example will take us to northern Labrador where soil historically
contaminated with polychlorinated biphenyls (PCBs) eroded into the adjacent Saglek
Bay, resulting in sediment contamination that rivaled the PCB concentrations found in
southern industrial harbours, dramatically affecting wildlife in the area, including
traditional Inuit food sources. Removal of the terrestrial PCB source and subsequent
sediment movement due to wave action and currents has reduced such risks over the last
decade. These results provide insight into the factors that influence ecosystem recovery
and will be celebrated next year with the removal of a sign that warned Inuit to avoid
harvesting in the local area.
Ken Reimer
Dr. Ken Reimer is a Professor in the Chemistry and Chemical Engineering Department
and is Director of the Environmental Sciences Group at the Royal Military College of
Canada. He is also cross-appointed to the School of Environmental Studies at Queen’s
University.

The Environmental Sciences Group is a cost-recovery, 50+ person multidisciplinary team
uniquely located within an accredited university that is part of the Canadian federal
government. Current interests include: the development of innovative approaches for site
investigations in remote locations, ecological and human health risk assessments that
incorporate more realistic assessments of contaminant exposures, and risk
management/communication. Projects include: the very large (DND’s DEW Line
Cleanup Project); stakeholder driven remediation efforts (Stokes Point, Ivvavik National
Park); and, an NCE funded partnership with the Nunatsiavut Government to study
climate change and contaminants in Northern Labrador.
Dr. Reimer has won two National Defence Deputy Minister Commendations for his work
in the Arctic, and was the recipient of a 2008 Real Property Institute of Canada Award of
Excellence in the Field of Contaminated Sites as well as the 2009 Cowan Prize for
Excellence in Research. He is also the co-recipient of a 2011 Parks Canada CEO Award
of Excellence for his participation with stakeholders on a project that led to the successful
cleanup of Stokes Point in Ivvavik National Park. Ken is a Past Chair of the Environment
Division of the Chemical Institute of Canada and is the current Chair of BioAcessibility
Research Canada.
Sites aquatiques contaminés - Évaluation, assainissement et remédiation
Ken Reimer, professeur au Département de chimie et de génie chimique, et directeur du
Groupe des Sciences de l’Environnement, Collège militaire royal du Canada, Kingston,
Ontario
Les sédiments sont souvent le principal dépositaire de contaminants dans les écosystèmes
aquatiques, en particulier pour les contaminants hydrophobes qui se lient aux particules
de sédiments. Les sédiments peuvent aussi constituer une archive historique des rejets de
polluants. Ces contaminants peuvent continuer à influencer la santé des écosystèmes par
diffusion dans la colonne d'eau sus-jacente ou par absorption dans la chaîne alimentaire
via les organismes benthiques. Cette conférence portera sur deux sites aquatiques
contaminés où les sédiments sont étroitement liés à l'écosystème et la santé humaine.
Le premier exemple est le port intérieur de Kingston. La rive ouest du port, de la
chaussée à l’ile Belle Park, a été fortement industrialisée dans les années 1900 et les
rejets d'une tannerie et d’une fonderie de plomb entre autres ont fortement contaminé les
sédiments de la rivière Cataraqui. Le Groupe des Sciences Environnementales du Collège
Militaire Royal du Canada a récemment terminé une évaluation détaillée des effets de
cette contamination sur la santé écologique du port ainsi que les risques potentiels pour
l'homme. Les résultats suggèrent que la région bénéficierait fortement de mesures de
remédiation de site ciblées, ce qui permettrait à cette partie relativement peu utilisé de
Kingston de devenir un atout pour la collectivité.
Le deuxième exemple nous mènera au nord du Labrador où des sols contaminés par des
polychlorobiphényles (PCB), et érodés dans la baie Saglek , entraînent une contamination
des sédiments dont les teneurs en PCB sont similaires à celles trouvées dans les ports
industriels du sud, affectant considérablement la faune de la région, y compris les sources

de nourriture traditionnelles des Inuits. L’enlèvement de la source de contamination aux
PCB, et le mouvement des sédiments en raison de l'action des vagues et des courants, a
réduit ces risques durant la dernière décennie. Ces résultats permettent de mieux
comprendre les facteurs qui influencent la réhabilitation des écosystèmes, et la
remédiation du site sera célébrée l'an prochain avec l'enlèvement d'un panneau qui avertit
les Inuits d'éviter la cueillette et la chasse dans cette région.
Ken Reimer
Dr. Ken Reimer est professeur au Département de chimie et génie chimique, et directeur
du Groupe des Sciences Environnementales au Collège militaire royal du Canada. Il
intervient également à l'École des Etudes Environnementales de l'Université Queen’s.
Le Groupe des Sciences Environnementales (ESG) est une équipe multidisciplinaire de
50 + personne, subvenant à ses propres besoins financiers, et idéalement située dans une
université accréditée qui fait partie du gouvernement fédéral Canadien. Les objectifs
actuels incluent: l'élaboration d'approches novatrices pour études sur le terrain dans des
endroits éloignés, évaluation des risques écologiques et sanitaires qui intègrent des
évaluations plus réalistes d’exposition aux contaminants et de gestion/ communication
des risques. Les projets comprennent: les très grands projets d'assainissement du réseau
« DEW line » du MDN; des projets de remédiation dirigés par Parcs Canada (Stokes
Point, le parc national Ivvavik), et un RCE de partenariat financé par le gouvernement du
Nunatsiavut pour étudier les changements climatiques et les contaminants dans le Nord
du Labrador.
Dr Reimer a remporté deux « sous-ministre de la Défense nationale élogieuses» pour son
travail dans l'Arctique, a reçu un prix d'un Institut des biens immobiliers du Canada en
2008, ainsi qu’un prix d'excellence dans le domaine des sites contaminés et le Prix
Cowan d'excellence en recherche en 2009. Il est également le co-récipiendaire d'un prix
Parcs Canada 2011 PDG d'excellence pour sa participation sur un projet qui a conduit à la
décontamination de la pointe Stokes dans le parc national Ivvavik. Ken est un ancien
président de la Division de l'environnement de l'Institut de chimie du Canada et est
l'actuel président de la recherche en bio-accessibilité au Canada.

Session 1: Hydrology/Hydrologie

Equivalent Freshwater Groundwater Model for the Management of
Coastal Aquifers
S. ABDEL-MOHSEN 1*, M. TETREAULT 1, M. HULLEY 1
1

Royal Military College of Canada

The modeling of coastal aquifers is potentially considerably complicated by the presence
of the saltwater intrusion. The effect of fluid density gradients on the flow of groundwater
is well understood and many groundwater modeling codes can account for it, but the
process is computationally intensive. Many coastal aquifer management areas are too
large to permit the full-scale, fully coupled modelling of the intrusions. The issue of
interest here is whether an equivalent freshwater model can be used to effectively
simulate the hydraulic behaviour of a coastal aquifer. Such a model could be used, for
example, for the delineation of Wellhead Protection Areas or to establish regional water
budgets. The determination of maximum sustainable pumping rates would still require a
direct modelling of the intrusion, but this modelling could be done at a local scale. A
recent groundwater model development project for the island of Barbados, where an
equivalent freshwater modelling approach was used, suggested that a local modification
of the Hydraulic Conductivity may be sufficient to achieve equivalency in aquifer
behaviour along the coastal areas. A research project was initiated to establish rational
guidelines for the development of equivalent freshwater models of coastal aquifers. To
date the work has strictly been based on Numerical Simulations. A 2-D model of a
generic coastal aquifer was developed, validated and used to perform comparative
simulations of fully-coupled saltwater intrusions and equivalent freshwater versions. The
Hydraulic conductivity of the freshwater model was modified until a match was achieved
between the water table responses of both models subjected to the same pumping
scenario. Relationships between the equivalent freshwater K and the "real" K were
developed and tested with a range of 3-D models.
*

Presenting author, newengineer_2006@yahoo.com

Micro-Hydropower Assessment at Ungauged Sites Using OFAT III
M. ATIEH 1*, B. GHARABAGHI 2, R. RUDRA 3, F. KENNY 4, T. BOUK 5
1

University of Guelph
University of Guelph
3
University of Guelph
4
Ontario Ministry of Natural Resources
5
GreenBug Energy
2

The main goal of this research project is to evaluate and improve the accuracy,
functionality, reliability, and suitability of Ontario Flow Assessment Tools (OFAT) III
for micro-hydropower (MHP) generation projects in ungauged basins; this projects aims
to identify the main sources of uncertainty and quantify the magnitude of the inherent
error associated with stream flow assessment in ungauged basins. OFAT III is a new
online spatial application currently under development that will automate a series of
labour intensive hydrology tasks using data packages, known as Ontario Integrated
Hydrology Data, to provide a collection of related elevation and mapped water features
for hydrology applications, such as stream flow assessment. Although these hydroelectric power generators have been receiving a great deal of attention from both private
and public sectors, there are inadequate records of hydrological data for optimum design
of such projects in ungauged, headwater streams, in Ontario. This study develops novel
methods for estimation of stream flow at ungauged remote sites using an integrated
approach that employs OFAT III datasets and Water Survey of Canada historic stream
flow statistics at over 100 stations to prepare input data for the training of an artificial
neural network model (ANN). Further it employs the hydrological regionalization
methods, seasonal hydrologic analysis, and the entropy theory to minimize the error and
generate a more accurate estimation of streamflow. The research findings can be
employed across Ontario and are particularly useful for remote ungauged sites in northern
Ontario.
*

Presenting author, matieh@uoguelph.ca

Hydrologic and Water Quality Modeling: Applying SWAT to Canadian
Forces Base Gagetown
S. BURDETT 1*, M. HULLEY1
1

Royal Military College of Canada

A foundation of hydrology and water quality modeling is sought to establish an approach
to land management decisions tailored to Canadian military training grounds. Training
areas are subjected to high levels of persistent activity creating unique land-cover and
land-use disturbances. De-forestation, re-forestation, road networks, off-road maneuvers,
vehicle stream-crossings, control burn activities, herbicide spray operations, and recurrent
construction activities are among major anthropogenic activities observed to affect these
landscapes. Preserving and improving the quality of these areas to host training activities
for future generations is critical to maintain operational effectiveness. Inclusive to this
objective is minimizing resultant environmental degradation principally in the form of
hydrologic fluctuations, excess erosion and thermal pollution to lotic environments.
Application of the Soil Water Assessment Tool (SWAT) is being assessed for its ability
to simulate hydrologic and water quality conditions observed in military landscapes at
Canadian Forces Base Gagetown, New Brunswick.
*

Presenting author, shawn.burdett@rmc.ca

Control Strategies for Climate Change Adaptation of WWTPs during
Wet Weather
C. LAMAIRE-CHAD1*, P.A. VANROLLEGHEM1
1

modelEAU, Université Laval, Québec, Canada

Since a few decades now scientists are conscious about climate change, among others
through the Kyoto Protocol. It has been established that in certain regions rainfall could
increase in the future. The Intergovernmental Panel on Climate Change (IPCC) and
Quebec’s OURANOS Consortium on Regional Climatology and Adaptation to Climate
Change have clearly confirmed this hypothesis. The average rainfall in southern Quebec
will not necessarily be higher, but the frequency of rainfall events could be lower while
the intensity is expected to become higher. Wastewater treatment plants (WWTP) are
mainly designed using dry weather characteristics with safety factors that help keeping
treatment performance acceptable under wet weather conditions. Increased Influent
variations will disturb WWTP operation and thus their treatment performance. During
wet weather, maximum treatment capacity can be reached and bypass of non-treated
water directly to receiving water may be needed. Extending the WWTP to achieve a
higher treatment capacity is costly and not always possible for an existing WWTP.
Alternatively real time control applied to certain processes allows temporarily achieving a
better treatment capacity, for example, during wet weather. In this study first the effect of
wet weather on a 750,000 PE WWTP has been studied. Then the efficiency of different
control strategies on the treatment performance under wet weather have been analyzed
and compared.
*

Presenting author, coralie.lamaire-chad.1@ulaval.ca

Session 2: Wastewater I/Eaux Usées I

Understanding Natural Disinfection and the Role of Algae in Arctic
Wastewater Stabilization Ponds (WSPs)
P. CHAMPAGNE 1, G. HALL 2, S. THOMPSON 2*, R. MAASSARANI 1*
1
2

Queen's University
Queen's University

Canada’s remote northern communities face many challenges to provide basic municipal
services, particularly in the area of wastewater treatment. Current treatment methods
primarily consist of single-celled engineered basins, commonly referred to as Waste
Stabilization Ponds (WSP), designed to detain and treat wastewater. These systems are
widely used due to their simplicity and cost-effective operation and rely on bacteriallymediated biological processes to remove contaminants from the wastewater prior to
discharge into the receiving environment. However, WSPs are relatively understudied in
terms of performance under arctic conditions. This limits the ability to understand the
performance of current systems, determine appropriate standards for effluent discharge
parameters and design new systems. It is critical to northern communities that these
limitations be addressed. It is assumed that the following environmental conditions have a
significant impact on the microbial/algal communities: i) Sunlight exposure (radiation
intensity and length of photoperiod); ii) Seasonal freeze-thaw cycles (length and
frequency); and, iii) Extreme cold temperatures. Several factors are under investigation at
field and bench-scale levels to understand their effect on wastewater treatment.
Specifically, this study examines the role of algae on treatment performance and the
implications of arctic sunlight penetration on disinfection. Optical characteristics and
environmental parameters measured in the field are used to understand disinfection
mechanisms and were employed to develop bench-scale experiments. These experiments
are used to quantify algal growth and treatment patterns, as well as the die-off rate of
indicator microorganisms such as Escherichia coli and Enterococci.
*
*

Presenting author, 12st24@queensu.ca
Presenting author, rami.a.h.maassarani@gmail.com

Novel Alkaline pH Regeneration of Natural Zeolite for Ammonium
Nitrogen Removal and Recovery
Q. DENG 1*, B. DHAR 1, E. ELBESHBISHY 1, H. LEE 1
1

University of Waterloo

Anaerobic membrane bioreactors (AnMBRs) application to municipal wastewater
treatment can improve sustainability, due to methane recovery and no aeration. However,
the application of AnMBRs to municipal wastewater has several challenges to be
addressed, such as nitrogen control. In this study, nitrogen removal was investigated in a
continuous zeolite columns fed with AnMBR permeates and NH4Cl solution.
Experimental results revealed that both breakthrough points and ammonium exchange
capacity (AEC) for AnMBR permeates were about 10%-15% lower than those of NH4Cl
solution, mainly due to competitive cations present in the permeates. The mass ratio of
Na+ to Zeolite-NH4+-N was significant for improving regeneration efficiency; this mass
ratio was 750 g Na+/g Zeolite-NH4+-N (NaCl dose 80 g/L) for regeneration efficiency
over 90% in 2 hours at pH 9. To decrease NaCl dose in regeneration of exhausted zeolite,
a high pH regeneration method was developed using low concentration of NaCl of 10 g/L
at pH 12 (the mass of Na+ to Zeolite -NH4+-N was only 4.2) which achieved
regeneration efficiency about 85% in 2 hours. Cost analyses showed that chemical costs
of this alkaline pH regeneration were more than 10 times less than a conventional
regeneration method. 	
  Repetitive regeneration of exhausted zeolite and reuse of the
regenerated zeolite for ammonium removal was assessed. The AEC decreased by 50%
and 80% after 10 times and 25 times reuse of exhausted zeolite, which corresponds to
AEC decrease from 2.8 mg N/g zeolite to 1.3 and 0.5 mg N/g zeolite, respectively. This
result indicates the need for regular replacement of exhausted zeolite, which should be
optimized for commercialization of the proposed technology.
*

Presenting author, q3deng@uwaterloo.ca

Thermal-Alkaline Hydrolysis Technology for Enhancement of
Anaerobic Digestibility of Thickened Waste Activated Sludge
E. ELBESHBISHY 1*, G. NAKHLA 2, A. LUGOWSKI 3, A. SINGH 4, B. MULLIN 4
1

University of Waterloo
1University of Western Ontario
3
Conestoga Rovers & Associates
4
Lystek International Inc.
2

Conventional mesophilic anaerobic digesters have hydraulic retention times of 15-20
days, but are often characterized by relatively low volatile solids reduction efficiencies of
about 50%. With the increased interest in the production of bioenergy at Water Resource
Recovery Facilities, a novel thermal-alkaline hydrolysis technology applied to dewatered
biosolids, developed by Lystek International Inc. that can improve volatile solids
reduction efficiency and biogas production at existing mesophilic digesters by 30-50%
was evaluated. Lystek’s technology is currently being used to process anaerobically
digested and mechanically dewatered biosolids from Toronto, Peterborough, Guelph, St.
Marys and a number of other communities in Ontario. The anaerobic digestibility of
Lystek processed biosolids from St. Marys was evaluated on its own and in combination
with thickened waste activated sludge (TWAS) in continuously-stirred laboratory
mesophilic anaerobic digesters at SRTs of 10 and 15 days. Lystek biosolids was mixed
with TWAS at 4%, 6%, and 8% by volume. The results revealed that at an SRT of 10
days, the mesophilic methane yield of Lystek was 0.41 L CH4/kg VSSfeed, as compared
with 0.18 L CH4/kg VSSfeed for TWAS only, corresponding to VS destruction
efficiencies of 52% and 37%, respectively. At the more typical 15 days SRT, the addition
of Lystek to TWAS at 4%, 6%, and 8% by volume increased methane production per unit
volume of feed by 9%, 20%, and 24%, respectively, corresponding to 6.3, 6.93, and 7.2 L
CH4/kg VSSfeed. Similarly, VS destruction efficiencies at an SRT of 15 days of 58%61% were 18%, 25%, and 25% over TWAS alone, for 4%, 6%, and 8% Lystek addition,
respectively.
*

Presenting author, sayedbesh@yahoo.com

Effect of Temperature and C/N Ratio on the Post-treatment of
Wastewater Lagoon Effluent Using Moving Bed Biofilm Reactor
(MBBR) Technology
F. ALMOMANI , R. DELATOLLA 1, B. ÖRMECI 2
1
2

Assistant Professor
Associate Professor

Thousands of aerated lagoon installations are employed in Canada and the United States
for the treatment of municipal wastewaters. Conventional lagoon treatment systems in
cold climate conditions have reported an unreliable or seasonal capacity to remove
ammonia due to temperature inhibition of the nitrification process [1]. Attached growth
moving bed biofilm reactor (MBBR) systems have been identified as a potential
technology for ammonia removal for lagoons in cold climates. Immobilized nitrifying
bacteria were relatively insensitive to temperature changes between 2 °C and 32 °C as a
result of both diffusion limitation and increased affinity to substrate[2]. Nonetheless,
MBBR ammonia removal kinetics has shown a high dependence on operational
temperatures [3-6]. Currently, there is very little research available on the MBBR
ammonia removals that are fed with real wastewater under different organic loading rates
and temperatures. In wastewaters with a high content of organic carbon, nitrifiers
compete poorly with heterotrophic bacteria and tend to be overgrown or washed out of
reactors [2, 7]. The goal of this study was to investigate the potential use of MBBR
systems as a post-treatment method for wastewater treatment lagoons to achieve
ammonia removal and provide a polishing step for lagoon effluents. The study is unique
in that it provides nitrification kinetics at very low (1°C) and warm (20°C) temperatures
using laboratory sized MBBR reactors fed with real lagoon effluent and synthetic
wastewater over a period of 6 months. Significant average ammonia removal rates of 0.26
and 0.11 kg-N/m3_d were achieved at 20 and 1°C with C/N ratio range from 0.91 to 1.67
g CODs/g-N. Switching from wastewater to synthetic wastewater with zero carbon
reduced the ammonia removal rate by 23%. It is concluded that MBBR can be used as an
effective technology for post-treatment and ammonia removal of lagoon effluent at 1 and
20 °C. 1. Houweling D., Monette F., Millette L. and Comeau Y., Modelling Nitrification
of a Lagoon Effluent in Moving-Bed Bioifilm Reactors. Water Qual. Res. J. Canada, , 42,
284-294 (2007). 2. Wijffels R.H., Englund G., Hunik J.H., Leenen E.J.T.M., Bakketun
A., Gunther A., Obon de Castro J.M. and Tramper J., Effects of Diffusion Limitation on
Immobilized Nitrifying Microorganisms at Low Temperatures. Biotechnol. Bioeng. , 45
(1995). 3. Ducey T.F., Vanotti M.B., Shriner A.D., Szogi A.A. and Ellison A.Q.,
Characterization of a microbial community capable of nitrification at cold temperature.
Bioresource Technology, 101, 491-500 (2010). 4. Hurse T.J. and Connor M.A., Nitrogen
removal from wastewater treatment lagoons. Water Science and Technology, 39, 191-198
(1999). 5. Delatolla R., Tufenkji N., Comeau Y., Gadbois A., Lamarre D. and Berk D.,
Kinetic analysis of attached growth nitrification in cold climates. Water Sci. Technol., 60
(2009). 6. Delatolla R., Tufenkji N., Comeau Y., Gadbois A., Lamarre D. and Berk D.,
Investigation of Laboratory-Scale and Pilot-Scale Attached Growth Ammonia Removal

Kinetics at Cold Temperature and Low Influent Carbon. Water Qual Res J Can, 45
(2010). 7. Figueroa L.A. and Silverstein J., The effect of particulate organic matter on
biofilm nitrification. Water Environ. Res., 64 728-733 (1992).
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Session 3: Receiving Water I/Eaux de Réception I

Effect-Directed Fractionation and Identification of Estrogenic
Components in Oil Sands Process Water
S. YUE 1*, N. MCKENZIE 1, J. WANG 2, B. RAMSAY 1, J. RAMSAY 1
1
2

Chemical Engineering, Queen's University
Mass Spectrometry and Proteomics Unit, Department of Chemistry, Queen's University

Caustic hot water extraction of bitumen from oil sands produces a wastewater known as
oil sands process water (OSPW), which is a complex mixture of compounds and has been
shown to have estrogenic activity to the aquatic organisms. Among the components in
OSPW, NAs are a group of alkyl-substituted carboxylic acids with the structural formula
CnH2n+z O2. Although some NAs (_steroidal aromatic NAs_) have been implicated in
estrogenic activity because of its structural similarity toestrodial structures, there has been
no direct confirmation. The objective of this study is to identify the estrogenic
components in OSPW by effect-directed analysis. The estrogenic components were first
isolated by multistep fractionation using solid phase extraction and reverse-phase HPLC
fractionation, then fractions with endocrine disrupting potential were identified by the
yeast estrogenic screen assay, and their composition evaluated by ESI FTICR highresolution mass spectrometry. Finally, using principle component analysis and partial
least-squares discriminant analysis, compounds with a chemical formula consistent with
CnH2n+2O2 and with a carboxylic acid group were found to be linked to estrogenic
effects.
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An Efficient Method for Coupling Field Data and Numerical Modeling
for the Estimation of a Transverse Mixing Coefficient in Meandering
Rivers
A. PILECHI 1*, M. MOHAMMADIAN 1, C. RENNIE 1
1

University of Ottawa

A numerical model has been developed employing an orthogonal stream-tube gridding
system for the investigation of mixing patterns in meandering rivers. The proposed model
is a coupled field-modeling approach which provides a practical and low cost simulation
for highly extended domains. The model has been used to estimate the transverse mixing
coefficient in surveyed sub-reaches of the North Saskatchewan River (Canada). A good
agreement was observed between the numerical and measured results using reasonable
values for the transverse mixing coefficient. The transverse mixing coefficient has also
been calculated from standard and general methods of moments between some sections.
In summary, the average transverse mixing coefficient has been calculated from a
calibrated numerical model for the whole surveyed reach, which showed good agreement
with the estimated value from empirical formulas for transverse mixing coefficients in
natural meandering rivers.
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Traitement de Lixiviats Contaminés aux Produits de Préservation du
Bois par Marais Filtrant
J. ROYER 1*, S. SANCHE 1, J. VINCENT 1, Y. COMEAU 1
1

Polytechnique Montréal

Lorsque des poteaux de bois traité au pentachlorophénol (PCP) et à l’arséniate de cuivre
chromaté (ACC) sont exposés aux intempéries, l’eau de pluie qui entre en contact avec
ceux-ci devient contaminée. Cette contamination est constituée de métaux contenus dans
l’ACC, du PCP ainsi que d’impuretés, notamment les polychlorodibenzodioxines et
polychlorodibenzofuranes (PCDD/F), qui sont très toxiques. Les traitements classiques,
notamment les procédés thermiques, sont dispendieux et énergivores. Les marais filtrants
artificiels constituent une alternative à faible coût d’installation et d’opération, nécessitant
peu d’énergie et d’entretien. Des mécanismes physicochimiques et biologiques
permettent de dégrader les contaminants. Notamment, l’utilisation de fer zéro valent
(FZV) devrait permettre une déshalogénation réductive des composés organiques chlorés
comme les PCDD/F. Un marais filtrant, contenant du FZV, a ainsi été construit afin de
traiter le lixiviat s’écoulant d’un site d’entreposage de poteaux de bois traité. Une étude
en laboratoire a servi à vérifier l’efficacité du FZV à déchlorer le PCP ainsi que les
PCDD/F. Le FZV a dégradé les PCDD/F hautement chlorés avec plus de 70%
d’enlèvement des congénères en 6,6 jours. Par contre, le FZV ne semble pas en cause
dans l’enlèvement du PCP observé. L’étude de l’hydrodynamique du marais filtrant par
essai de traçage a permis d'y confirmer un mode d’écoulement piston. Enfin, le suivi
environnemental a confirmé l’efficacité du marais dans l’enlèvement des produits de
conservation du bois avec une réduction de toxicité de 99,5%. La détermination de
l'efficacité à plus long terme de cette technologie prometteuse fait l'objet des travaux en
cours.
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Combined Cross-Linked Enzyme Aggregates from Laccase, Versatile
Peroxidase and Glucose Oxidase for the Elimination of Pharmaceuticals
I. TOUAHAR 1*, L. HAROUNE 1, S. BA 1, J. BELLENGER 1, H. CABANA 1
1

University of Sherbrooke

Pharmaceuticals represent a new challenge to environmental quality, as many of them are
found at low concentrations in water treatment plant (WTP) effluents and get readily
transferred to the environment. To address this issue, laccase, versatile peroxidase (VP)
and glucose oxidase (GOD) were studied. Both Lac and VP can oxidize phenolic and
non-phenolic substrates. VP requires H2O2 and Mn(II), while laccase needs mediators
for the oxidation of non-phenolic compounds. Using glucose, GOD can produce H2O2 in
situ, replacing pure H2O2, and overcoming related stability and concentration issues. The
study focused on the synthesis and characterization of a versatile biocatalyst able to
transform a wide range of structurally different pharmaceuticals under various conditions.
Preliminary experiments, using free enzymes, tested the degradability of pharmaceuticals
in a solution containing 1 mg/L of each of: acetaminophen, naproxen, mefenamic acid,
indometacin, diclofenac, ketoprofen, caffeine, diazepam, ciprofloxacin, trimethoprim,
fenofibrate, bezafibrate, carbamazepine and 10,11-epoxy-carbamazepine. Treatments
lasted 14h at 20˚C and pH 7.3. Using laccase-VP-GOD combination, in presence of
glucose and Mn(II), best results were obtained: more than 80% removal for the five first
compounds, and at least 30% for the others. The three enzymes were then insolubilized as
a combined cross-linked enzyme aggregate (combi-CLEA) using ammonium sulphate for
precipitation and chitosan for cross-linking. Characterization of the biocatalyst exhibited
14.9 U/g of VP activity and 37.5 U/g of laccase activity, good performances in neutral pH
and medium temperature (urban wastewater conditions), and tolerance to high
temperature (60°C) and low pH (3). Contact time, biocatalyst amount and co-substrates
(H2O2, glucose and Mn(II)) impacts on pharmaceuticals elimination were also
investigated. Finally, testing Magog WTP effluent, only acetaminophen (10.8 µg/L) was
detected, its removal using only combi-CLEA reached 25%. Globally, the study showed a
wider removal spectrum for VP, while laccase needed less restrictive conditions. The
combi-CLEA combined their advantages.
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Session 4: Wastewater II/Eaux Usées II

Effect of Organic Loading Rates on the Performance of Submerged
Anaerobic Membrane Bioreactor (AnMBR) Treating Meat Processing
Wastewater
M. GALIB 1*, E. ELBESHBISHY 1, H. LEE 1
1

University of Waterloo

A lab-scale anaerobic membrane bioreactor (AnMBR) (5L) was setup to evaluate its
ability of treating wastewater from a meat processing and packaging plant and monitor
membrane fouling behaviours. With this view, the effluent quality, several performance
indicators and parameter concentrations were measured during operation under three
different organic loading rates (OLR) of 0.40, 1.33, and 2.04 kg COD/m3-day at ambient
temperature and neutral pH. The results of this study showed better COD removal
efficiency compared to the conventional anaerobic treatment. Average COD removal
efficiencies of 93.7%, 93.0%, and 81.3% were observed at OLRs of 0.40, 1.33, and 2.04
kg COD/m3-day, respectively with corresponding methane yield of 270, 281, and 223
mL CH4/Lfeed. For the three different OLR, membrane flux was 1.14, 3.15, and 6.35
L/m2-h without membrane fouling. Scouring of membrane surface with biogas and
periodic membrane maintenance cleaning helped keeping stable membrane flux during
experiments. The successful performance of the lab-scale reactor will be used as a
baseline for implementation of a pilot scale AnMBR treating the wastewater.
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Microbial Fuel Cells as Portable Power Source
Y. GAO 1, J. AN 1*, H. LEE 1
1

Department of Civil and Environmental Engineering, University of Waterloo

Microbial fuel cell (MFC) is a devise to produce electrical energy from waste organics by
using anode respiring bacteria (ARB) as anode catalysts. One of big interests for MFC
research is to use MFCs as portable power source. For MFCs to work as portable power
source used in a discontinuous manner, ARB should be survived at least for several days
in the absence of exogenous electron donor and generate current immediately right after
addition of the electron donor. However, the metabolic activity of ARB could be
suppressed significantly because of a long starvation period for over several days. Then,
the number of active ARB would be substantially decreased as a result of significant
endogenous-decay, which seriously deteriorates current/power density in MFCs. In this
work, we found that biopolymer-accumulating bacteria in syntrophy with ARB generate
current without exogenous electron donor in 4d and immediately recover a maximum
current density right after feeding electron donor in MFCs. This study allows small MFCs
to be used for portable power sources in a discontinuous manner. On-going research has
focused on micro-scale MFCs inoculated with biopolymer-accumulating bacteria and
ARB using passive air diffusion to Pt-cathode in the MFCs.
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Multiphysics Modelling of Flow Dynamics, Biofilm Development and
Wastewater Treatment in a Subsurface Vertical Flow Constructed
Wetland Mesocosm
A. RAJABZADEH 1*, R. LEGGE 1, K. WEBER 2
1
2

University of Waterloo
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A robust computational fluid dynamics model accounting for both spatial and temporal
dynamics of a subsurface vertical flow treatment wetland system was developed by
combining sub-models for fluid transport, biokinetics, and biofilm development in
COMSOL Multiphysics®. The local porosity of the media was calculated based on the
estimated biofilm development over time. The biofilm development sub-model
considered both organic pollutant metabolism/degradation as a mechanism for microbial
growth and the effect of fluid shear stress on the local biofilm detachment. Using the
Kozeney-Carman relation, the permeability of the porous media was estimated by
calibrating the model against experimental tracer data collected via batch operation. As
the biofilm developed, removal efficiency of readily biodegradable organic matter
improved during the first 10 weeks of operation while no significant change was
observed afterwards. A dead-zone region was predicted in the mesocosm after 100 days
of operation attributed to exponential biofilm growth and low biofilm detachment rates.
Convective transport of organic matter in the dead-zone region decreased by 95% after
280 days of operation. No biofilm accumulation was predicted in the region near the
outlet due to the high fluid shear stress acting on the biofilm surface. The overall porosity
of the mesocosm decreased by 6.6% after 365 days of operation while the local porosity
in the dead-zone region decreased by 71%. A minimum porosity of 0.1 was found in the
dead-zone region 280 days onward. A good match was found between the overall
porosity of the system and experimental data. This is the first model to integrate
hydrodynamics, biokinetics relating to organics removed from wastewater, and biofilm
development into a comprehensive model. Future work includes adapting this model to
larger-scale systems, use in predicting clogging events in full-scale operations, and
investigating the effect of system aspect ratios on long-term local permeability in
treatment wetlands.
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Acidogenic Degradation of Fat, Oil and Grease from Small Cheese
Producers’ Effluents
D. VALLERAND 1*, R. LA ROCHE 2, Y. COMEAU 1
1
2

Polytechnique Montréal
Atis Technologies

Anaerobic digestion of cheese producers_ effluent is an efficient way to provide value to
the organic matter in terms of energy production and to reduce the organic concentration
compared to aerobic treatment. The challenge with small treatment systems of less than
50 m3*d-1 is to have a system that is robust. The fat, oil and grease (FOG) from these
effluents cause loss of granular sludge in upflow anaerobic sludge blanket (UASB)
digesters. To resolve this problem, Atis Technologies is currently using a dissolved
aeration flotation (DAF) system to remove FOG and total suspended solids (TSS) prior to
feeding the DAF subnatant to UASB reactors. This system requires much operator time,
operating parameters defined by external laboratory analyse, and extra operating costs.
This project aims to lyse by at least 65% of the FOG in an acidogenic reactor upstream of
the UASB digester as reported for similar types of effluents in the literature. This method
provides a simpler operation, reduces capital costs and can easily be incorporated into
existing treatment stations by converting the buffer tank into an acidogenic reactor. The
objective of this project is to determine the efficiency of a lab scale acidogenic reactor fed
with a real cheese producers_ effluent under various conditions of total organic matter
loading and of FOG loading. The expected deliverables from this project are design
guidelines for a robust and simple acidogenic-methanogenic treatment system.
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Session 5: Stormwater and Low Impact
Development/Eaux Pluviales et Développement à
Faibles Impacts

Stormwater Quality, the Event Mean Concentration and Impacts to
Receiving Waters
B. GORMAN 1*
1

Aquafor Beech Limited

Effective stormwater management addresses both water quantity and water quality. Water
quality at stormwater outlets is determined by the Event Mean Concentrations (EMC),
which is defined as the total load of pollutants divided by the volume of flow for a given
storm event. The EMC provides a means of measuring end-of-pipe stormwater impacts.
Over the last 30 years, numerous studies have produced a range of EMCs based on land
uses. The main disadvantage is that published EMC data vary over an order of magnitude
for key pollutants, spanning a dozen climate regions across North America. The EMCs
also differ between watersheds and, within any given watershed, between seasons and
with time. There is increasing concern about stormwater impacts on receiving rivers and
lakes, resulting in beach closures, nuisance algae, loss of habitat and threats to
endangered species (e.g. redside dace). We have determined EMCs and pollutant loads on
a subwatershed basis using targeted studies and available public databases, in upstream
(rural) and downstream (urban) settings and at discharge points into Lake Ontario and the
Ottawa River. These are used to refine stormwater EMCs for contributing land uses and
allow ranking of retrofit opportunities in urban and urbanizing areas. The methodology to
derive EMCs through flow-proportional sampling, suggested values for key pollutants
and land uses in southern Ontario will be reviewed. The use and drawbacks of deriving
EMCs from grab sample data (e.g. Provincial Water Quality Monitoring Network) will be
illustrated.
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The Performance and Economics of Using Low Impact Development
and Green Infrastructure to Improve Water Quality through Retrofits
in Ontario - Case Studies
C. DENICH 1*
1

Water Resource Engineer - Aquafor Beech Ltd

Under natural, undeveloped conditions, rainfall is conveyed as runoff over pervious
surfaces where it enters natural hydrologic pathways including infiltration, and
evapotranspiration. As a result of these processes stormwater filters into the soil, erosion
is stabilized by plant roots, and the water that reaches lakes and rivers is cool and clear.
As urbanization progresses, the increase of impervious surfaces and pollution emerging
from different land uses and various anthropogenic activities result in increased flows,
eroded soils, and runoff that carries nutrients and other pollutants to streams and lakes.
Many Ontario municipalities are facing increased awareness and concern regarding their
uncontrolled stormwater discharges to local watercourses, water bodies and Lake
Ontario. Increasing evidence has shown that conventional SWM practices are not
providing the level of watershed protection or water quality required to protect the natural
resources. The use of Low Impact Development (LID) or green infrastructure solutions
presents an effective solution to lower capital expenditures on SWM related infrastructure
while providing a mechanism for improved water quality. LID facilities have been shown
to provide substantial reductions in TSS, heavy metals, hydrocarbons, nutrients and
bacteria. Aquafor is a leader in the research, design and construction of LID and Green
Infrastructure Projects, having designed and constructed, monitored and consulted on
over 30 facilities for municipalities across Ontario & Canada. This presentation will
provide an overview of the author’s recently published paper on water quality
performance of bioretention in cold climates (effects of winter salt and aggregate
application on plant health, media clogging and effluent quality) and demonstrate its
application through various LID projects designed and constructed by Aquafor in
Ontario. Case studies will include of Ontario’s First Green Street and Bioretention in
response to Species at Risk Legislation. Facility performance will be discussed along
with the ‘business case’ for LID and Green infrastructure.
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Design and Implementation of a Multi-year Infrastructure Performance
Assessment Program for a Commercial Parking Lot Retrofitted with
Low Impact Development Technologies
A. TARIQ 1*
1

Credit Valley Conservation

The IMAX Corporation in partnership with Credit Valley Conservation has retrofitted
their existing parking lot with a variety of innovative stormwater management features
including permeable pavers, three bioretention units and specialized stormwater treatment
systems such as Imbrium’s Jellyfish Filter and Sorbtive Media vault. The construction
was completed in December 2012 and monitoring activities commenced in spring 2013.
Currently, there is no long-term data on Low Impact Development treatment trains. A
multi-year performance assessment program will help to address this data gap.
Infrastructure performance assessment is currently underway and includes both water
quantity and quality. The main objectives of the presentation are to: 1. Provide an
overview of the experimental design, engineering site design and the coordination
process to integrate sophisticated monitoring infrastructure for performance assessment.
2. Discuss a variety of performance assessment objectives to answer specific and
practical questions about the performance and operation of LID systems (individual
versus collective system). 3. Present lessons learned on the development and
implementation of a multi-year performance assessment program to-date. The IMAX
parking lot retrofit is one of the first commercial parking lot retrofits in Ontario,
incorporating a variety of LID technologies. Several different treatment train
configurations have been incorporated into the site that has never been done in
Mississauga before. As a demonstration project, there are many lessons learned that other
municipalities, designers and even private landowners owners can take from this project
to ensure successful implementation of their new and/or retrofit projects.
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Implementation and Performance Assessment of Green Street Retrofits
C. CORRIGAN 1*
1

Credit Valley Conservation

This year the GTA has experienced two 100-year storm events, most recently on July 8th,
2013 where a record breaking 126 mm of rain fell in the GTA. Prior to this, the GTA
experienced three 100-yr storms and five 50-yr storms in the last eight years. As a result
of increased frequency of large events, the Insurance Bureau of Canada has observed an
increase in the percentage of water related personal property damage claims, costing
nearly .7 billion annually (IBC, 2012). While solutions to stormwater management issues
need to be tailored to particular situations, Low Impact Development (LID) practices
have emerged as a cost-effective measure that can be incorporated into the existing urban
form to improve water quality, reduce erosion and runoff volume with minimal social
disruption or loss of tax revenue. By incorporating LID within the existing and new urban
development, municipalities can build resiliency and meet provincial objectives. Credit
Valley Conservation received the Showcasing Water Innovation funding from MOE and
in partnership with the City of Mississauga has implemented LID practices and is
assessing their performance. Two of the sites are located in Mississauga along the road
right-of-way which demonstrates innovative design. These sites incorporate bioretention
practices and permeable pavers on tight clay soils in a high density urban environment.
The performance assessment of these sites started in 2011 and includes water quality,
quantity, and subsurface water depth monitoring. The main objectives of the presentation
is to demonstrate through performance data and rigorous analysis that LID retrofits
within the right-of-way, over tight clay subsoils, and in cold climate can meet and exceed
current stormwater criteria. Specifically, these sites exceed their stormwater design goals
and infiltrate all rainfall events 25mm and less which makes up 95% of all GTA storm
events in a typical year.
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Session 6: Wastewater III/Eaux Usées III

Physico-chemical Capture of Particulate Matter in the Effluent of a
Highly Loaded MBBR Using Either High Efficiency Flotation or Static
Settling
C. BROSSEAU 1*, M. LABELLE 1, É. LAFLAMME 2, A. GADBOIS 2, P. DOLD 3, Y.
COMEAU 1
1
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To maximise the capture of organic biodegradable matter from two moving bed biofilm
reactors (MBBRs) and valorize it into methane by anaerobic digestion, we studied total
suspended solids (TSS) recovery efficiency of an innovative physico-chemical process,
enhanced flotation. One MBBR was used to treat the effluent from the first aerated
lagoon of Mascouche’s water resource recovery facility (WRRF) and the other one was a
lab-scale MBBR fed with a synthetic influent. In enhanced flotation, low-density beads
are used as media and are recovered and reused. We first analyzed TSS recovery
efficiency by coagulation-flocculation followed by either settling or enhanced flotation
jar-tests, using 15 mg Al/L of alum with 3 mg/L of anionic polymer. We also studied the
effect of reducing the anionic polymer dosage to 1 mg/L on TSS recovery and on beads
and sludge separation to reuse them. The effect of various molecular weight and ionic
charge polymers on enhanced flotation was studied. Particle-size distribution of the labscale MBBR’s effluent was analyzed by laser diffraction. Results showed that TSS
capture efficiency by settling or enhanced flotation was identical (95%), although
produced sludge volume was considerably reduced by flotation. However, with these
dosages of polymer and coagulant, separation of sludge and beads remained difficult.
Decreasing polymer dosage reduced TSS recovery (-7%) but also cohesion between
sludge and beads, facilitating their separation by agitation. Medium-high MW and
anionic polymers allowed the best TSS recovery efficiency (96%). Particle-size analysis
of the lab-scale MBBR’s effluent revealed a bimodal distribution with an unexpected
higher proportion of larger particles. Thus, the enhanced flotation process is promising
for WRRFs since it allows efficient TSS recovery and minimizes ecological footprint by
reducing the produced sludge volume and by recycling its media. Further investigations
will focus on TSS recovery efficiency of a biodegradable coagulant combined with
enhanced flotation.
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Ozonation of Sludge to Enhance Methanogenesis in Enhanced Primary
Water Resource Recovery Facilities
J. CHACANA OLIVARES 1*, M. LABELLE 1, A. LAPORTE 2, É. LAFLAMME 3, P.
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Sludge management is one of the major challenges in wastewater treatment. If handled
properly, however, sludge can be a valuable resource for renewable energy production
and a source of nutrients and organic matter for agriculture. Anaerobic digestion has been
extensively adopted in municipal and industrial wastewater plants for sludge reduction,
stabilization, and biogas production. Anaerobic digestion is a slow process, which
requires a long hydraulic and sludge residence time. Typically, the main factor limiting
anaerobic digestion is the low rate of particulate matter hydrolysis. As a result, a variety
of treatment techniques have been studied to enhance sludge lysis by thermal, chemical
or mechanical processes. The objective of this research is to maximize methane
production at enhanced primary wastewater treatment plants by pre-ozonation of primary
sludge and/or co-ozonation of digested sludge. Lab-scale tests of ozonation of anaerobic
digestion sludge were performed in a 1 L batch reactor. Methane production was
evaluated by anaerobic respirometry in a 500 mL batch reactor at 35 °C with continuous
agitation and monitoring of the biogas production. Results showed that the methane
production increased with pre-ozonation of primary sludge by 42% at the optimal dose of
86 mg O3/g COD. Methane production for co-ozonation of anaerobic digestion appear to
be higher than for pre-ozonation of primary sludge, due to both unbiodegradable and
slowly degradable fractions which are higher in anaerobic sludges.
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Effect of Sampling Parameters on Wastewater Fractions
M. FERLAND 1*, M. LABELLE 1, P. L.DOLD 2, É. LAFLAMME 3, Y. COMEAU 1
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Following recommended guidelines for sampling wastewater is important for the proper
characterization of water resource recovery facilities (WRRFs) performance and for
optimization and retrofit studies. Wastewater fractions determined at such facilities,
however, often differ from typical ratios. The objective of this study was to determine the
effect of the following three sampling parameters on raw wastewater fractions: delay
prior to sample analysis (1, 24, 48, 72 h), autosampler temperature (4oC, ambiant) and
sampling bottle cleanliness (unwashed, detergent washed). Four sets of samples were
taken downstream of the grit chamber from three WRRFs that differed in their percentage
of industrial BOD5 loading: Mont Saint-Hilaire (0%), Le Gardeur (15%), and SaintHyacinthe (50%). Parameters analyzed were TSS, VSS, the total and filtered, on 0,45um
filters, COD and carbonaceous BOD5, total phosphorus, o-PO4, TKN, NH4 and pH.
Results from each WRRF indicated that delay prior to analysis and autosampler
temperature had the most impact on the wastewater composition, particularly on the
filtered fractions at WRRFs that contained a greater percentage of industrial BOD5
loading. Other sets of sample and data analysis will be done.
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Sorption of Microconstituents onto Activated Sludge to which Alum has
been Added
Y. ZHU 1*, R. DROSTE 2, B. BANIHASHEMI 2
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Microconstituents (MCs) refer to various trace-level compounds in water, which have
become an emerging environmental concern since they have potential negative impacts
on the health of humans and other animals. The current focus of this study is the sorption
mechanism of three chosen MCs on activated sludge with addition of alum. Wastewater
treatment plants (WWTPs) which receive MCs from various sources are considered as
the last barrier to prevent MCs from being released into aquatic systems. Inorganic
coagulants such as alum are often added into WWTP operation units to enhance the
removal of suspended solids and to precipitate phosphorus to meet phosphorus discharge
regulations. Sorption is one of the most important removal mechanisms responsible for
reducing nonvolitile hydrophobic MCs in WWTPs. In conventional WWTPs, MCs in
wastewater typically partition from the liquid phase onto the solid phase including
primary and secondary sludges. Sorption is the term used because there is uncertainty
about whether MCs are sorbed to the surface of sludge or absorbed into the solid phase
(Yi, 2007). Three non-volatile MCs, bisphenol-A (BPA), 17a-ethinylestradiol (EE2) and
triclosan (TCS), were chosen in this study. Batch experiments were carried out to study
the sorption isotherm with activated sludge generated from porous pot bioreactors with
sludge retention times (SRTs) of 5, 10, and 15 d. Alum was dosed into the feed tank at
concentration of 0.14 mmole/L targeting 75% phosphorus removal. Sludge was collected
from the reactors once they reached steady state. MCs were spiked into 100 mLdeactivated sludge samples with an initial liquid phase concentration range of 10 to 200
μg/L. After 24-hours mixing, the samples were filtered to obtain the aliquots for
equilibrium liquid phase concentration tests. A time of 24 hours was chosen because from
sorption kinetics tests, all three MCs reach their sorption equilibrium within 8 hours.
Liquid phase concentrations were tested by high-performance liquid chromatography
associate with ultra-violet detector. Solid phase concentrations at equilibrium were
simply calculated by applying a mass balance. Results show that BPA has the highest
tendency to adsorb to the sludge, followed by EE2 and TCS. Sludge at an SRT of 10 d
has the strongest tendency to adsorb EE2 and TCS. The linear and Freundlich models
have better fitting than Langmuir model. Compared with sludge without alum addition,
dosing alum at 0.14 mmol/L decreased the sorption of BPA and EE2, but not Triclosan.
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Development and Application of the Ottawa River Water Quality Model
M. FULLARTON 1*, D. SCOTT 2, D. MACLENNAN 3
1
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City of Ottawa

The Ottawa River has long been the lifeblood of the communities of Ottawa and
Gatineau. From days of travel, to days of commerce, and now, a valued recreational
resource and source of drinking water, the Ottawa River has played an extremely
important role to both communities. A healthy environment is vital to quality of life and
the longer-term sustainability of communities. The City’s Growth Management Plan
(Ottawa 20/20) recognizes and endorses this idea. The improvement of water quality in
the Ottawa River is a complex but necessary challenge. The City has taken an important
step in beginning to address the river’s water environment issues. The development of a
water quality river model is one tool in the evolution of an action plan to protect river
water quality. This two-dimensional hydrodynamic and transport model extends from the
Chaudiere Dam downstream to Masson-Cumberland, a distance of approximately 28 km.
Over seventy point sources were defined in the model; including storm and combined
sewer outfalls, creeks/rivers and wastewater treatment facilities. Hydrological models
were developed for fifty catchments to improve wet weather loading estimates to the
river. The model was developed to support an assessment of the effluent inputs and
bacteriological water quality in the Ottawa River and assist with the prioritization of
water quality initiatives by assessing the predicted improvements on river water quality.
Through incremental development, the Water Quality Model has become a "living" tool
to assist in decision-making for complex problems associated with the water quality on
the Ottawa River.
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Monitoring Cyanobacteria and Cyanotoxins in Two Inland Lakes
V. HEWLETT 1*, L. ARISS 1, L. ZETTLER 1, J. AVEDESIAN 1, X. JIN 1, S.
NDIONGUE 1
1

Walkerton Clean Water Centre

In recent years, two inland lakes in Ontario have been susceptible to cyanobacterial
blooms. In June 2010, a ‘Do Not Use Water’ advisory was made by the local public
health unit due to a cyanobacterial bloom event, which affected approximately 170
cottages and permanent homes around the lake and 110 residents who use drinking water
from the lake or from private wells. In conjunction with the lake property owners
associations, the local municipality and the Walkerton Clean Water Centre, water quality
of the lakes were continuously monitored starting in 2011. During the most recent phase
of the study, water samples were collected and analyzed monthly from July to September
of 2013 with a special focus on the occurrence and identification of cyanobacteria,
cyanotoxin levels (i.e., microcystin-LR), and nutrient levels that triggered the
cyanobacterial bloom. Parameters such as, total kjehldahl nitrogen (TKN), nitrate,
orthophosphate, total phosphorus, turbidity and dissolved organic carbon were analyzed
for each sample. In addition, microcystin-LR and cyanobacteria genera were identified
and enumerated. To identify which nutrients initiate cyanobacteria growth, a grow-out
experiment was conducted. Lake water samples were collected and dosed with either,
nitrate, ammonium, phosphate, iron or Deferoxamine Mesylate to each carboy. The
sealed carboys remained floating in the lake and were analyzed for nutrient
concentrations, cyanobacteria identification and enumeration, microcystin levels and
general water quality parameters on Day 0, Day 5 and Day 12. Results from the monthly
monitoring program, including turbidity, pH, alkalinity, hardness, dissolved organic
carbon, TKN, total phosphorus and microcystin, varied across the lake and over time.
Overall, the lakes are at moderate risk for cyanobacteria growth. The results identified the
areas of the lakes that were more susceptible to cyanobacterial blooms and indicated
which time periods produced more favourable conditions for cyanobacterial growth.
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Mercury Loading Contributions from Municipal Combined and Storm
Sewer Outlets to the St. Lawrence River at Cornwall, ON
J. RIDAL 1*, R. GAUTHIER 1, E. YUMVIHOZE 2, A. POULAIN 2
1
2

St. Lawrence River Institute of Environmental Sciences
Department of Biology, University of Ottawa

Mercury (Hg) contamination of sediments and fish are key impairments in the St.
Lawrence River (Cornwall) Area of Concern as result of former industrial discharges at
Cornwall, ON. A sediment management strategy has been implemented to reduce
remobilization of existing contaminated sediments deposits along the Cornwall
waterfront. While there has been a great deal of effort to characterize Hg concentrations
in surface water, sediments and biota in support of the strategy, municipal contributions
from storm and combined sewer outlets along the Cornwall waterfront remain poorly
characterized. Sampling was carried out in 2012 to determine Hg concentrations in
discharges from municipal combined sewer (CS) and storm sewer (SS) outlets that have
the potential to impact water and sediment quality a widely used public area along
Cornwall waterfront. Total mercury (THg) and methyl mercury (MeHg) were measured
using trace analysis methods at the University of Ottawa mercury laboratory. Ancillary
water quality measures including total suspended solids (TSS) were also taken. Mean
THg concentrations were 20.6 ng/L for Brookdale Avenue CS, and 5.34 ng/L for the Pitt
St. SS and were 10-40 times elevated compared with upstream river values. MeHg
concentrations were low for both discharges with mean values near 0.1 ng/L
approximately 3-fold higher than upstream river samples. Annual total loadings from the
two discharges were estimated to be 8 g THg, 0.1g MeHg and 15000 kg of TSS.
Compared to modeled annual Hg inputs from advection into this section of the river
(Lessard et al. 2013 Environmental Pollution 174: 229-235), the combined discharges are
minor sources - approximately 1% of the upstream inflows for THg and 0.9% for MeHg.
Despite these relatively low loads, ‘in river’ bioaccumulation studies would be
recommended to assess the potential for transformation and localized uptake by resident
biota of the mercury from these shoreline inputs.
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Unexpected Bacterial Removal Trend in Reduced-scale Biosand Filter
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Access to safe drinking water is still a problem for more than a billion people in
developing countries. Point of use (POU) drinking water treatment technologies represent
an effective tool for the poor by allowing water treatment at home and reducing the risks
of contamination during collection and transport. The biosand filter (BSF) is a POU
technology using intermittent slow sand filtration for treatment. The mechanisms
allowing reduction of enteric bacteria in the BSF are not well understood, several studies
reported increasing bacterial removal and initial flow rate reduction with time; indicating
filter ripening. In this study, reduced-scale BSF were fed daily for 31 days by dosing
diluted sewage from a local treatment plant to simulate a grossly polluted raw water.
Parameters analyzed for treated and raw water were faecal coliform (FC) concentrations,
dissolved oxygen, turbidity, pH and initial flow rates. FC natural die-off rates were also
measured sporadically to gain insight into the FC (biological) removal mechanism within
BSFs relative to their natural die-off. With the exception of FC removal, the trends for all
other parameters were similar to what was reported in the literature and indicated ripened
BSF units. However, unexpectedly decreasing FC removal in time was observed as the
filter ripened. Results show that biological activity occurred in the BSF (e.g. increased
dissolved oxygen consumption), but this brought to light questions regarding the relevant
physical and biological mechanisms responsible for FC removal. These results point to
the possibility of bacterial regrowth in the BSF, perhaps explaining the observed
performance variability of such filters in some field studies. The potential health risks
relative to using a BSF in which bacterial regrowth is occurring should be considered in
further studies on the BSF. Further research is also needed to gain better understanding of
the underpinning purification mechanisms in BSFs.
*

Presenting author, felix.legare-julien.1@ulaval.ca

Development of an Emergency Water Treatment System
G. BÉDARD 1*, C. BOUCHARD, C. DOREA
1

Université Laval

During emergencies following natural disasters in developing countries, supplying
drinking water to the affected populations becomes very important to prevent water and
excreta related diseases. In order to have a quick response, different water purification
technologies have been developed that can be transported to the field taking the form of
modular (assembled on location), mobile (portable) or point-of-use (household level
treatment) systems. Also, in order to recommend minimum levels of service of drinking
water in emergency situations, the Sphere Project, gives guidelines about the quality and
quantity of the water to be distributed. However, current technologies do not always
fulfill the intended treatment objectives. Within this context, this study was aimed at the
development of an emergency water treatment system based on plate settling. The
prototype was built and tested in Pune, India, in order to simulate field conditions that
could arise in humanitarian emergencies. The treatment goal is to achieve a production of
4 to 6 cubic meters of water per hour with a turbidity of less than 5 NTU (as per Sphere
Project guidelines) from a system that is simple to operate, relatively cheap and as mobile
as possible. So far, a turbidity of less than 10 NTU has been obtained consistently,
warranting further optimisation. In addition to the prototype testing, a one third scale
model of the settler was built and tested at the Université Laval under well controlled
conditions. This study also reports on such optimisation results in which different settler
configurations (i.e. numbers of plates, outlet placement, flocculation conditions, etc.) on
the settler regarding the plates, the outlet and the entrance as well as to find an optimal
flocculation step for the system. Tracer testing has also been undertaken for better
understanding of the influence of different configurations on the hydraulic behaviour of
the unit.
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Modeling the Influence of Drinking Water Quality on Residential
Property Value
G. PASHANASANGI 1*, K. SCHMITT 1
1

Concordia University

We study the influence of drinking water quality on residential property value in the
United States. Bayesian inference method is used to model the influence of water
pollution on property value. Hierarchical Bayesian inference method is used when
different levels of pollution are considered. Number of chemicals detected in water
utilities of each state, amount of TTHMs and HAAs in big cities drinking water, average
property value in each state and big cities, and population are the data used in analyses.
Results show that water pollution has a negative impact on the average property price in
state level. Both TTHMs and HAAs, which are the most important pollutants in big cities,
also have a negative impact on residential property price in big cities. The impact of
TTHMs pollution is larger than HAAs pollution. Results of the hierarchical analyses
show the state that each big city belongs to, determines the effect of TTHMs and HAAs
pollution on residential property price.
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Characteristics of Lead Corrosion Scales present in Drinking Water
Distribution Systems
D. GUO 1, C. ROBINSON 2*, J. HERRERA 3*
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The presence of lead in drinking water is a major concern for a number of Canadian cities
with lead residential services. Although lead corrosion is a complex phenomenon, it has
been established that dissolved lead concentrations in drinking water are mainly
controlled by the solubility of the lead corrosion scale present in the pipes. Therefore, the
first step to establish a long term corrosion control protocol under a specific set of water
quality conditions is a clear characterization of the composition of the corrosion products
present on the lead plumbing of the water distribution network. Although this task has
relied mainly on the use of X-ray diffraction and electronic microscopy, our results
indicate that most of the lead bearing corrosion products present on plumbing are either
amorphous (non-crystalline) or associated with amorphous phases such as silica
aluminates. Therefore a comprehensive spectroscopic and microscopic approach is
necessary to develop a clear characterization of the phases responsible for lead
dissolution in drinking water. In this work, solid corrosion products were investigated via
FTIR, and UV-Vis-NIR spectroscopy. The corrosion scales were collected from lead
pipes in drinking water distribution systems from two big Ontario cities (City A and City
B).
*
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Effect of Triclosan on the Water Treatment Efficiency, Ecosystem
Characteristics and Microbial Communities of Vertical-Flow
Constructed Wetlands
K. COSWAY 1*, K. WEBER 1
1

Environmental Sciences Group, Department of Chemistry and Chemical Engineering,
Royal Military College of Canada
Constructed wetlands are considered one of the most sustainable water treatment options
available due to their low capital cost, low maintenance requirements and low energy
requirements. An estimated thirty thousand documented constructed wetland systems
have been implemented globally over the past four decades. Emerging contaminants can
be defined as any compound or material that was previously either undetected or
unknown to cause harmful effects to natural ecosystems or human health. Emerging
contaminants are increasingly found within wastewater effluent due to their incomplete
removal within traditional wastewater treatment plants. There are two main questions
regarding emerging contaminants and wetlands: 1) can natural or constructed wetlands
remove, sequester or transform emerging contaminants in water, and 2) will emerging
contaminants reduce the natural function of wetlands as an ecosystem component or the
water treatment efficiency of constructed wetland systems. The objective of this research
was to quantify the effect of triclosan, a common antimicrobial agent, on the water
treatment efficiency, ecological characteristics and microbial communities of vertical
flow constructed wetlands. Twelve vertical flow wetland mesocosms were inoculated
with activated sludge and allowed to naturally develop over a three-month period.
Following the development phase, two seven day triclosan exposure experiments using a
low concentration (100 μg/L) and high concentration (500 μg/L) were completed using
six established mesocosms (three unplanted and three planted with Phalaris arundinacea)
and six corresponding controls. The effects and recovery of these mesocosms over
several weeks was observed following each exposure. A summary of the effect of
triclosan on the water treatment efficiency, ecological characteristics and microbial
communities of vertical flow constructed wetland systems will be presented.
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Geochemical Model to Predict Lead Dissolution and Solid Phase
Transformation in Lead Bearing Plumbing
C. KUSHNIR 1*, J. HERRERA 2, C. ROBINSON 1
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2
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An equilibrium geochemical model has been developed to predict lead dissolution and
solid phase transformations in water distribution systems with varying water chemistry
conditions and lead scale compositions. The model was developed in the geochemical
modeling platform PHREEQC.v.2.16.03. Thermodynamic constants and reactions
implemented were validated by comparing simulation results with laboratory batch
dissolution experiments. These experiments were conducted on pure phase lead
compounds (hydrocerrusite, cerrusite, lead (IV) oxide) and corrosion scale samples
harvested from lead pipes exhumed from the water distribution system of London,
Ontario. The laboratory dissolution experiments were conducted under different pH,
alkalinity, and disinfectant conditions. While prior models have focused on predicting
dissolved lead concentrations; this model was able to also successfully predict
equilibrium solid phase transformations. Consistent with previous studies, the model
indicated that at low chlorine concentrations dissolved lead concentrations are governed
by lead (II) carbonate solubility. While lead dissolution and scale transformations are
often kinetically-controlled in water distribution systems, particularly when the corrosion
scale includes lead (IV) oxides, the equilibrium model developed provides valuable
insights into chemistry and various influencing factors. The equilibrium model presented
is also a critical step in our development of a kinetic model that better represents the lead
dissolution processes in real distribution systems. The complete geochemical model
under development (including kinetics) will be a valuable tool that can be applied by
municipalities to analyze specific treatment systems and evaluate the effect of
alternations to the drinking water system on plumbosolvency prior to implementation.
With this model, municipalities will be able to ensure that distributed water has the
chemical characteristics required to avoid destabilization of lead scale present in
distribution systems.
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Drinking Water Quality Assessment Using Data Envelopment Analysis,
a Multi-Criteria Decision Analysis Tool
A. SALI 1*, K. SCHMITT 1*
1

Concordia University

Drinking water regulation is not uniform in Canada as drinking water guidelines set by
the federal government are not binding on provinces and territories. The relationship
between drinking water regulatory stringency, number of treatment plants, drinking water
quality, population and health outcomes are not well understood. Systemic gaps in water
quality data, under reporting of waterborne outbreaks, treatment processes and variations
in water quality between regions make it difficult to determine whether regulatory levels
play a causal role or not in improving water quality outcomes. Provinces and territories
have autonomy in determining which contaminants (if any) to regulate, and to what level,
giving rise to heterogeneous levels of water regulation. This diversity in regulation allows
us to explore drinking water quality of different jurisdictions taking into consideration
some factors peculiar to each region which include but are not limited to population, cost
involved in providing drinking water and individual drinking water regulatory standards
using data envelopment analysis (DEA), a multi-criteria decision analysis tool.
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Differential UV Spectrophotometry for the Estimation of Disinfection
By Products
F. LÉGARÉ-JULIEN 1*, A. STANZIANI-MATHIEU 1, C. BOUCHARD 1, C. DOREA 1
1
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The optimization of drinking water treatment trains for the reduction of disinfection by
products (DBPs) is typically done with surrogate parameters for DBP precursors such as
ultraviolet absorbance (UVA), organic carbon or specific UVA (SUVA). Differential UV
spectrophotometry (DUVS) is a relatively simple, rapid, and low-cost surrogate for
regulated DBPs (THMs and HAAs), as well as total organic halogens (TOX). DUVS is
based on the principle that differences in UV absorbance at specific wavelengths, due to
DBP precursors before and after chlorination, can be correlated to certain DBPs
Furthermore, it provides stronger correlations with DBPs than the conventional
surrogates. This study reports on the application of this method to a drinking water
treatment study. The treatment train from a local treatment plant in the Quebec City
region was simulated in laboratory conditions using a jar-test and filtration apparatus.
Filtered water was then chlorinated and DBP and DUVS measurements were made.
Results indicated a good correlation between DBPs (THMs and HAAs) over a range of
concentrations. DUVS demonstrated to be a potentially cost-effective way to estimate
and reduce DBPs in drinking water treatment. Its relatively simple instrumentation
requirements (i.e. UV spectrophotometer) indicate that this technique could be easily
replicated in large and small utilities alike in the control of DBPs.
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Review of Numerical Models of Slow Rate Biofiltration
P. LAMARCHE 1*
1
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More widespread in Europe, slow sand filters are used to provide drinking water for
many North American Cities. Their popularity is increasing; a low cost, simple
technology, they remove suspended solids; protozoa, bacteria, and viruses; and many
non-polar pharmaceuticals and personal care products from source water without the
addition of chemicals. The removal occurs in great part in the filter cake formed at the
surface and in the biofilm growing in the influent portion of the filter. The processes of
growth of and removal in these filters is not completely understood. While many
numerical models of rapid sand (deep bed) filtration of water exist, relatively few models
of slow rate biofiltration (slow sand filtration and the related process of riverbank
filtration) are presented in the literature; only two of these are deterministic. This poster
presents key features of various numerical models of slow rate biofiltration published
mostly in the last two decades. The two deterministic numerical models that calculate the
change in hydraulic conductivity (head loss) and particle removal efficiency in slow
filters are presented. Empirical and semi-empirical numerical models relying on statistical
distributions, fuzzy logic, and other techniques are also presented; they address the
removal of particles, microbiological, and chemical parameters, and changes in hydraulic
conductivity.
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Utilization of WorldView-2 Satellite Imagery for Urban Drainage
Modelling
M. KHIN 1*, D. JOKSIMOVIC 1, A. SHAKER 1, W. YAN 1
1
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Within a wide range of best management practices (BMPs) for stormwater management
in urban areas, there has been an increasing interest in source control measures in recent
years. Source controls such as Low Impact Development (LID) techniques are also
potentially attractive as retrofit options for older developed areas that lack available land
for conventional measures such as stormwater management ponds to be implemented, but
contribute to degradation of receiving water bodies. Development and running of
hydrologic and hydraulic models is required to estimate the potential of LIDs to provide
increased control of both quantity and quality of urban runoff. Traditional lumped models
used in drainage system design and sizing of end-of-pipe controls may not be appropriate
for modelling LIDs, which are typically distributed and small in size relative to
catchment areas. Hence, fine-scale urban drainage models may be required to accurately
estimate the benefit that LIDs may provide, requiring detailed representation of
developed drainage areas. While detailed data required for the development of fine-scale
models may be available for large municipalities in Canada, smaller communities
typically lack such information and may benefit from using more broadly available
remote sensed data such as satellite imagery. The study investigates the development of
fine-scale urban drainage models using a very high resolution (WorldView-2) satellite
imagery of a small residential area. WorldView-2 satellite image was used to classify the
study area into vegetation and non-vegetation areas, and 97% of accuracy was achieved
in object-based classification method. From the classification results, the hydrologic
properties of 4m by 4m subcatchments were input in the USEPA storm water
management model (SWMM). The expected results of this approach pave the way for
evaluating LID retrofit options and benefits accurately in situations where detailed
drainage area information is not available.
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Analysis of Biopolymers Associated with Membrane Fouling and Their
Removal by Biofiltration during Water Treatment
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The application of membrane filtration for drinking water treatment is limited by
membrane fouling due to the accumulation of biopolymers. Biofiltration may be an
effective pretreatment to reduce the biopolymers, thus improving the performance of
membrane filtration. Biological treatment and the microbial community associated with
drinking water treatment systems can potentially play a positive role on chemical
contaminant removal and biopolymer reduction. The efficacy of biofiltration to remove
biopolymers is being investigated. The specific biopolymers include total polysaccharides
(PS), acidic polysaccharides (APS), proteins (PN) and humic substances (HS), and their
presence in raw water and treated effluent following biofiltration and prior to membrane
filtration. Methods developed for the analysis of extracellular polymeric substances (EPS)
associated with microbial flocs and films in wastewater treatment were adapted to
analyze surface waters and drinking water where EPS is found in significantly lower
concentrations. Freeze-drying was found to be an effective method for concentrating
water samples and to recover and analyze biopolymers constituents. EPS from the
biofilter media was also analyzed as part of the characterization of the microbial
community associated with biofiltration. Biofiltration was found to effectively remove
biopolymers in the untreated water, and the EPS developed in the biofilm was not
detected in the biofiltered treated water. Ongoing work includes analysis of the microbial
communities in raw water, biofilter and in the treated effluent followed by biofiltration
employing both denaturing gradient gel electrophoresis (DGGE) and analysis of the
microbial ecology by metagenomics analysis. Detailed analysis of microbial communities
and chemical properties of biofilter, raw water and biofilter effluent can help understand
the dynamics of the microbial processes involved in the biofiltration system. Keywords:
Microbial and Chemical Analysis; Biopolymers; Drinking Water; Biofiltration
Corresponding Author: Steven N. Liss; steven.liss@queensu.ca
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Properties of Filamentous Granules Developed from Bulking Sludge in
a Laboratory Scale Sequencing Batch Reactor
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Instability of granular sludge due to bacterial filamentous outgrowth leading to
filamentous bulking, and finally development of filamentous granules has been recently
observed in a laboratory scale conventional activated sludge sequencing batch reactors
(CAS-SBR), fed a glucose-based synthetic wastewater. The granular flocs initially
formed were hydrophobic, compact and round edged, and characteristic of aerobic
granules. Upon the appearance of filamentous bulking coupled with the relatively fast
settling time (10 minutes) employed there was a significant loss of biomass. The resulting
MLSS was low (0.6 g/L). The filamentous bacteria were found to become entangled
leading to the formation of a larger structure that persisted in the SBRs. The tangled
filamentous aggregates gradually formed compact and round structures in the size range
of 2-5 mm in diameter. Physical-chemical analysis revealed that the initial hydrophobic
character of the granular flocs (36%) was lost (bulking filaments - 5%; and filamentous
granules - 0%). The protein to polysaccharide ratio in the extracellular polymeric
substance (EPS) extracted from the granular flocs was 2.8, which reduced to 1.5 during
filamentous bulking and increased to 5.7 in the filamentous granules. Imaging of the
filamentous granules, following staining with a range of molecular specific stains, by
confocal laser scanning microscopy (CLSM) revealed that proteins and αpolysaccharides are dominant in the compact core, whereas β-polysaccharides dominate
the outer layer. The results demonstrate that filamentous bacteria can associate to form
granules when they can produce sufficient protein-rich EPS; β-polysaccharides may
likely enhance the stability of the filamentous granules. The absence of proteins in the
outer layer and the hydrophilic character appears to be very different from conventional
granules and may suggest a two-layer community of a core bacterial structure enveloped
by the filamentous bacteria. Keywords: Aerobic Filamentous granules, Sludge bulking,
Extracellular polymeric substances, Confocal Microscopy. Corresponding Author: Steven
N. Liss; steven.liss@queensu.ca
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Photodegradation of Microcystin-LR Catalyzed by Metal
Phthalocyanines Immobilized on TiO2-SiO2Under Visible-light
Irradiation
G. PENG1*, X. WANG1
1
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Microcystins (MCs) are a group of monocyclic heptapeptide toxins produced by species
of cyanobacteria including Microcystis, Anabaena, and Oscillatoria among others. Since
MCs exhibit acute and chronic effects on humans and wildlife by damaging the liver,
they are of increasing concern all over the world. In this study, we aim to investigate the
ability of phthalocyanines to degrade Microcystin-LR (MC-LR) in the presence of visible
light. Specifically, the photocatalyst zinc phthalocyanine (ZnPc) was immobilized on a
TiO2-SiO2 compound support, which was prepared by the sol-precipitation method using
n-octylamine as a template, to form ZnPc-TiO2-SiO2. We first characterized the catalyst
by employing scanning electron microscopy (SEM), X-ray diffraction (XRD) and UVVisible diffuse reflectance spectra (UV-Vis DRS). According to the results, the selected
SEM images showed that ZnPc-TiO2-SiO2 powders had better dispersibility, more regular
shape and smaller size compared with ZnPc and TiO2-SiO2 powders. XRD spectra of
ZnPc-TiO2-SiO2 powders taken in 2θ configuration exhibited the peaks characteristic of
anatase phase. UV-Vis DRS displayed that the absorption band wavelength shifted to the
visible range when ZnPc was supported on the surface of TiO2-SiO2. Next, we studied the
photodegradation of MC-LR using ZnPc-TiO2-SiO2 powders. Several parameters
including catalyst dose, initial MC-LR concentrations and initial pH value were
investigated. The results showed that by increasing catalyst dose, the MC-LR degradation
was indeed facilitated. In addition, a pseudo-first-order rate constant of MC-LR
degradation was observed to be negatively correlated with the concentration of MC-LR.
Moreover, pH value also played an important role in the MC-LR degradation, which lead
to relatively better results under neutral conditions. Overall, 80.18% of MC-LR was
efficiently degraded within a 300-minute incubation under optimal initial conditions of
7.5g/L ZnPc-TiO2-SiO2, 17.37mg/L MC-LR and pH 6.76.
*Presenting author, scu_sunny@126.com

Community-based Water Monitoring and Management: Examining
Community-based Water Monitoring Programs and Activities in Nova
Scotia and Southern Ontario
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The existence of community-based ecosystem monitoring activities is a relatively new
concept that has been on the rise for the last decade for several reasons, including
decreased governmental funding and a growing desire of citizens to participate in
environmental planning and protection (Au et al., 2000; Bliss et al., 2001; Sharpe et al.,
2000). Involving community volunteers in monitoring programs creates more positive
attitudes and behaviour towards the environment, stronger communities engaged in
conservation initiatives and ecosystem management, as well as providing financial
benefits derived from using volunteers for data collection (Cuthill, 2000; Stokes et al.,
1990; Pollock and Whitelaw, 2005). The purpose of my research is to investigate the state
of community-based monitoring of watersheds and water resources in Southern Ontario,
Canada, focusing on the Oak Ridges Moraine (ORM) landscape north of the Greater
Toronto Area as a case study. The qualitative methods used to obtain this data will
include document analysis and interviews with relevant stakeholders. The Ontario
research will be presented through a workshop to community groups in Nova Scotia to
determine the similarities and differences between the monitoring situations in Ontario
and Nova Scotia, as part of a larger initiative called the CURA H2O project, which looks
at streamlining community monitoring and resource management. Overall, this research
project will create a thorough understanding of the current status of water governance in
the ORM, and how community-based water monitoring contributes towards decisionmaking. It will also explore the role of conservation authorities regarding water
governance in Ontario.
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Fate of Bisphenol A, 17α-ethinylestradiol and Triclosan in an Aerobic
Porous-pot Bioreactor
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The fate of 17α-ethinylestradiol (EE2), Bisphonel-A (BPA), and Triclosan (TCS) in a
porous pot bioreactor was investigated at µg/L concentration. The effect of SRT and the
biomass concentration on sorption and biodegradation was also studied. Batch
experiments with activated sludge originating from continuous flow porous-pot reactors
operating at solids retention times (SRTs) of 5, 10, and 15 days were conducted to
investigate the sorption kinetics. All target compounds showed high sorption affinity to
the biomass during the first 30 min of the experiment. Calculation of Freundlich constant,
KF and distribution coefficient, Kd exhibited the greater tendency of EE2 and TCS for
sorption, compared to BPA. The results of this study indicated that the SRT had a clear
effect on the sorption kinetics where the highest sorption constant was achieved for a
SRT of 10 days for all three target substances. This could be due to change of the
morphology of the biomass from reactors operating at different SRTs. Performance of
porous-pot bioreactors were investigated by monitoring the COD, BOD, and ammonia
removal high COD and ammonia removal (>90%) were achieved in this study. The
operation of continuous-flow systems in the presence of 50 µg/L of microconstituents
(MCs) indicated that more than 96%, 90% and 98% of BPA, EE2 and TCS, respectively,
were removed during the activated sludge process in system operating at SRT of 15 days,
whereas 96%, 58%, and 84% of BPA, EE2 and TCS, respectively, were removed at SRT
of 5 days. The SRT did not affect BPA removal significantly; however the
biodegradation of EE2 and TCS was enhanced at SRT of 15 days. The higher MCs
removal found in this study (SRT of 15 days) could be due to more diversity of
microorganisms or presence of specific enzymes capable of MCs biotransformation at
SRT of 15 days.
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The greenhouse sector is one of the key industries in Ontario with many operations
throughout the province. The water used for irrigation in this sector has typically unique
characteristics in terms of low organic matter and high nitrates, phosphorus, and sulfates.
The elevated amounts of nutrients in the effluent discharged to the environment can result
in well-known environmental hazards such as eutrophication in surface waters. Moreover,
recycling the irrigation water for increased use in crop production is currently limited due
to the presence of high concentrations of salt ions in the water. The excessive levels of
sodium and chloride lead to reduced crop production rates and therefore recycling is not
an attractive alternative for greenhouse operators. In this project, a constructed wetland
trailer has been provided for treatment of greenhouse effluents. The constructed wetland
is to be planted with efficient salt-accumulating species. The unit is equipped with
anaerobic wood-chip bioreactors followed by vegetated sand cells. The novel layout of
our vertical-flow trailer is expected to demonstrate a great potential for achieving reduced
concentrations of constituents in the outflow, to allow for safe discharge or recycling. The
results of this research over a 3 year period will allow for optimized design guidelines for
constructed treatment wetlands, which can be employed as a low-cost technology by the
greenhouse sector.
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There are several water resources in Canada that are in a serious danger of
hypoxia/anoxia (i.e., low oxygen) and eutrophication (i.e., nutrient enrichment) leading to
Harmful Algae Blooms; such as Eagle Lake. There are 4 main terms which affect the
oxygen depletion rate in the hypolimnion. First term describes the flux of oxygen through
the thermocline. Second term is related to advection in two directions. Third and forth
terms which are the sinks of oxygen are related to the flux of oxygen through the
sediments and hypolimnetic oxygen demand, respectively. In this investigation, the
sediment oxygen demand and other terms have been compared to each other.
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The fast, reliable and simple detection of bacteria in water samples is an important goal
for analytical technologies due to continued incidents of water contamination by bacterial
pathogens. Following the contamination incident in Walkerton, Ontario in May 2000, an
inquiry identified several objectives for improved bacterial detection, including making
analysis possible on-site in shorter times, without the need for laboratory facilities or
trained microbiologists. Meeting these objectives will reduce the time interval between a
water contamination event and an advisory being sent to community members, leading to
increased water safety for the human population. This project aims to expand an existing
automated commercial test for Escherichia coli to a wider range of water-borne
pathogens using the enzyme-linked immunosorbent assay (ELISA) method. The use of
ELISA will allow many types of pathogens to be detected using the same system, simply
by changing the antibodies involved. The antibodies will be immobilized on a siloxane
polymer inside a test cartridge. After the water sample has been added, the ELISA will be
completed and a fluorescent product of the enzymatic reaction will be absorbed into the
polymer where it will be detected by a fluorescence spectrometer. Thus far, alkaline
phosphatase enzyme and immunoglobulin G (IgG) have been attached to the polymer
surface and their activities have been analyzed. A model ELISA has also been performed
using immobilized IgG and anti-IgG conjugated with alkaline phosphatase. This test has
been carried out using both a conventional substrate (4-methylumbelliferyl phosphate)
and a unique one capable of being extracted into the polymer upon cleavage by alkaline
phosphatase (pyrene phosphate). Initial bacteria detection tests using E. coli are planned
for the near future in order to determine the detection limit of the assay.
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A long-term, watershed-based research program is underway at a small, inland freshwater
lake in Quebec (PLSF) to evaluate multiple field-based control strategies to reduce
nutrient loads to the lake. This work is in response to the hyper-eutrophic status of the
lake, which results in annual occurrences of harmful algae blooms (HABs). While much
of this work is centered on agricultural sites (given the significant contributions of
nutrients to the lake from these sites), a smaller examination of nutrient loading control
within the lakeside village is also underway, with a specific focus on stormwater-based
nutrient loadings. After hydrologic system and physical site characterization, an
integrated series of low impact development (LID) installations were implemented on one
street within the village in summer 2012, and system monitoring is continuing to evaluate
these measures and their contribution to reductions in nutrient loads to the adjacent lake.
The installed systems include multiple bioretention basins and rain barrels. Notable in
this project was the participation of the village residents and the municipal government in
the construction phase of the work, and their continuing engagement in the maintenance
of these systems.
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Land based fisheries have been the fastest growing animal food producers since
the1970’s. Along with the need for large amounts of clean influent water, the effluent
from these operations contains high levels of nutrients, pathogenic microorganisms, and
solids. Due to the remote location of many of these fisheries, decentralized solutions need
to be implemented to protect receiving waters. To help prevent eutrophication, effluent
phosphorus can be removed through adsorption onto metal oxides. Suitable adsorbents
include hydrotalcites, allophones, imogolite, activated alumina, blast furnace slag, and
red mud. All of these include ferric oxide, aluminum oxide, or a calcium source. Calcium
oxide or calcium carbonate often solubilizes and precipitates phosphorus instead of
adsorbing it; given that both adsorption and precipitation reactions often occur
simultaneously and are not easily decipherable. A comparative analysis was done on
ferric and aluminum oxides to alternative phosphorus adsorbents. Both are proven
adsorbents and often relatively cheap due to being waste products from industrial
processes. Ferric oxide is considered the faster adsorbent, removing phosphorus at rates
up to 20 times greater than aluminum oxide, though aluminum oxide has a greater
capacity to adsorb phosphorus. An optimized mixture or configuration of the two
adsorbents is being studied to provide an economical and reliable way to reduce
phosphorus loads from land based fisheries.
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Lake Simcoe has faced water quality problems including eutrophication and hypoxia
since the 1960s. Climate change effects have been appeared since the past century. In this
study, we will examine the impacts of a changing climate on lake physical and
biogeochemistry in Lake Simcoe. We used the one-dimensional DYRESM-CAEDYM
(DY-CD) modeler to evaluate the effects of climate change on the thermal structure,
mixing regimes, phytoplankton variations, nutrient loading and hypoxia of Lake Simcoe.
We validated the model over a 2-year period (2008-2009). The model reproduced
temperature, Dissolved Oxygen (DO), nutrients and phytoplankton biomass well. In both
years, the maximum temperature RMS error is 2.5ºC while RMS error for DO ranges
between 0.5 to 2.5 mgl-1. We then forecast the response of the Lake to two greenhousegas GCM emissions scenarios (NOAA GFDL-A2 and B1). We applied DYRESM-Ice
modeler to predict the initial vertical temperature profile, day of onset and length of
stratification with the two scenario predictions for DY-CD simulations in each of the 100
future runs. According to GFDL-A2 predictions, Lake Simcoe will be stratified
approximately 35 days earlier and will be mixed later in fall by around 20 days and
GFDL-B1 scenario predicts that the onset of stratification will be shifted around 20 days
earlier and the stratification length will be increase by around 45 days by the end of this
century by the end of this century. We analyzed the simulations of DY-CD for the 100year period by evaluating correspondence between annual surface mean values of DO,
nutrients and phytoplankton communities with meteorological properties. Increased rates
of annual surface cyanobacteria in simulation period of 2066-2100 indicate the
consequent effects of a warming climate. In order to generalize the simulations, we could
successfully correlate the length of stratification, hypoxia period, phytoplankton species
with LN as a water quality predictor.
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