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GIS-Based Analysis of Mercury and Lead in Surface/Subsurface
Sediments

K.W. FORSYTHE'' AND P.S. RODRIGUEZ!

! Department of Geography, Ryerson University, 350 Victoria Street, Toronto, Ontario, Canada M5B 2K3

Surface and subsurface sediment core data were used to model the geographic distribution of mercury (Hg)
and lead (Pb) within a section of the Buffalo River Area of Concern (AoC). Ordinary kriging was utilized
to generate concentration prediction maps. Standard maps reveal prediction surfaces for the entire study
area, while spliced maps show prediction surfaces for three sub-sections of the study area. The sub-sections
were then merged to create a quasi-continuous surface. The latter type of map was needed in order to
account for the pronounced meandering nature of the river and to reveal regional and local Hg and Pb
sedimentation patterns. The results of this research show that there is a trend in Hg and Pb contamination
that increases from the east towards the west (the direction of river flow), with a peak of high values in the
mid region of the study area. Moreover, surface sediments are less polluted than subsurface sediments for
both contaminants. Hg contamination is less widespread but more concentrated compared to that of Pb.
Finally, this study highlights several contamination hotspots, which should be the target of any future
sediment restoration endeavours in the AoC.

! Presenting author; forsythe @ryerson.ca
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Geospatial Distribution of Metal Contaminants in the Buffalo River
A. GAWEDZKI'> AND K.W. FORSYTHE!'
! Department of Geography, Ryerson University, 350 Victoria Street, Toronto, Ontario, Canada M5B 2K3

In the Great Lakes Water Quality agreement between Canada and the United States, the Buffalo River is
listed as an Area of Concern (AoC). Three major contributors (ExxonMobil Corporation, Honeywell
Corporation, and PVS Chemicals) to natural resource damage in the Buffalo River are being pursued for
damages by the State of New York. This study analyzes the surficial sediment metal contamination of
arsenic, cadmium, chromium, copper, lead, mercury, nickel, and zinc within a section of the Buffalo River.
The kriging spatial interpolation technique as implemented in the ArcGIS Geostatistical Analyst was
utilized to generate areal prediction maps of contamination. The research suggests that there is a
relationship between sediment contamination in the Buffalo River and potential pollutant contributions
from the above mentioned corporations. Specific sections of the river that are located in the vicinity of the
three corporations exceed sediment quality guidelines in terms of the Threshold Effect Level (TEL) and the
Probable Effect Level (PEL) as defined by the Canadian Council of Ministers of the Environment (CCME).

? Presenting author; agawedzk @ryerson.ca
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The Gendered Health Effects of Chronic Low-Dose Exposure to
Chemicals in Drinking Water

Susanne Hamm '
! National Network on Environments and Women’s Health, York University

NNEWH’s research confirms that Canadians do not have equal access to safe drinking water, when
considered in a long-term health context. This research examined the long-term health risks of chronic low-
dose chemical exposures in Canadian drinking water sources from a gendered perspective. Currently, a
gendered analysis is largely absent from research on water resources and related policy documents on
drinking water in Canada. Environmental health research on low-dose exposure to chemical contaminants
increasingly points to critical windows of vulnerability for women. These windows of vulnerability relate
to developmental and reproductive phases, which are gendered in nature. Recent research also indicates
that exposure, susceptibility and absorption of specific contaminants may be influenced by gender.

The project adopted a case study approach that was based upon four contaminants (i.e., lead, TCE, nitrate
and tritium) and selected Canadian communities (for example, London, ON, Shannon, QC, Abbotsford, BC
and Pembroke, ON). Official municipal drinking water data was used as the primary source of analysis.
The report does not offer a comprehensive review of the state of Canadian tap water quality or of drinking
water systems across the country. Rather, in light of recent environmental health research, the report
highlights a gap in access to safe drinking water and the need to adopt a precautionary approach to address
uncertainties in the drinking water standard setting process.

The results of this study should be used to inform policy making on relevant standards
and other regulatory aspects of the Canadian drinking water supply.



Deteriorating Water Quality and Physical Conditions of Coastal Beaches
of the Great Lakes — Is Groundwater to Blame?

N. Spina', A.S. Crowe?, J.E. Smith'

! School of Geography and Earth Sciences, McMaster University, Hamilton, ON, L8S 4M1
2 Environment Canada, Canada Centre for Inland Waters, Burlington, ON, L74 4A6

Over the past decade, public beachgoers and local residents have observed deteriorating beaches along the
shores of the Great Lakes. Several beach problems continue to persist, including: high levels of Escherichia
coli (E. coli), invasive hydrophytic vegetation (e.g., Phragmites, sedges, rushes), loss of sand, and wet
conditions. As a result, a concerned public is demanding actions and answers on why their beaches are
deteriorating. This study was conducted to address public concerns, focusing on the problem of why some
beaches are always wet (and exhibit a variety of problems) and why other beaches are always dry (and
generally do not exhibit any problems). Specifically, this study investigated the physical and groundwater
conditions present at these beaches that contribute to their deterioration. Combinations of field and
laboratory methods were used to quantify groundwater conditions and the physical properties of beach sand
at several beaches along the shores of southern Georgian Bay. Analyses of grain size distributions, moisture
contents, water table depths, and ground surface elevations, along with observations of vegetation provided
a clear picture of the physical and hydrogeological differences between beaches that are wet and beaches
that are dry. Results indicate that dry beaches tend to have relatively coarser-grained sand, have low
moisture contents, and a deep water table. Wet beaches are tend to have relatively finer-grained sand, high
moisture contents, and a shallow water table. Also, hydrophytes (e.g., Phragmites, sedges, rushes) were
observed only at wet beaches and beach grass was observed only at dry beaches. Results suggest that the
presence of wet and dry beaches is controlled by their physical sand properties and water table depth, in
turn controlling groundwater conditions. Changing some of these conditions, either naturally or by human
activities could convert dry beaches to wet beaches, and vice versa. Furthermore, wet beaches may provide
conditions more conducive to the infiltration and transport of surface contaminants (e.g., E. coli) to the
water table, and also provide suitable hydrologic conditions for the growth and survival of invasive
hydrophytic vegetation.

Presenting Author; Natalie Spina: spinan2 @mcmaster.ca



Cloning of cry 1 and cry 4 genes from native Bacillus thuringiensis isolated from the Western Ghats
of Kerala

P.M.Neema.!, R.D. Tyagi' and D. Girija®

'INRS-ETE, Université du Québec, 490 de la Couronne, Quebec, Canada (tyagi @ete.inr.ca; phone
418-654-2617)

*Centre for Plant Biotechnology and Molecular Biology, Kerala Agricultural University , Thrissur,
Kerala, India

The continous use of synthetic pesticides has led to serious problems like environmental degradation and
increased resistance of insect pests, has created a renewed interest for the development of biological
alternatives to chemical pesticides. Bacillus thuringiensis, the gram positive, spore forming bacterium
produces larvicidal proteins which possess insecticidal activity against insects belonging to the orders
Lepidoptera, Diptera, Coleoptera and many others. Bacillus thuringiensis is considered as one of the most
versatile microbial insecticide that had been used for the last half century. The strict specificity of bacterial
strains to certain orders of insects, makes it the most environmental friendly alternative to about 5
percentage of 2 million tons of chemical insecticide.

Intensive screening programmes are going on worldwide to isolate new bacterial strains with increased
level of insecticidal activity against a broader spectrum of insect pests. In this research work an attempt has
been made to isolate Bacillus thuringiensis from the Western Ghats of Kerala in India. The Western Ghats
of India is one among the eighteen hotspots of biodiversity in the world and is expected to harbor novel
isolates of Bacillus thruringiensis. Very few attempts have been made by scientists to explore the microbial
diversity of Western Ghats. It is expected that great biodiversity exists among bacterial strains in this area,
due to co-evolution along with insects or by conjugal transfer of plasmids to other strains and hence
attempts are needed to explore novel genes. In the present study, eleven Bacillus thuringiensis strains were
isolated from the soils of Western Ghat region of Kerala, India, which is potentially undisturbed ecological
niche.

Morphology of the isolates on Luria Bertani Agar medium revealed similarity with the standard strain
Bacillus thuringiensis HD1. Staining with Coomassie brilliant blue revealed the presence of dark blue
crystal proteins having spherical, irregular, bipyramidal and triangular shapes. Biochemical
characterization of the isolates showed variable response to hydrolysis of urea, starch and esculin. The
insecticidal activity of the native isolates against Pumpkin caterpillar (Diaphania indica), a major
lepidopteran pest of cucurbitaceous vegetables, was assessed by diet incorporation method. Except for one
isolate, all other native isolates were able to produce 90 percent mortality on eighth day compared to 100
percent mortality caused by standard strain. The native isolates were classified as efficient ones, though the
entomotoxic potential was slightly less than the standard strain.

Profiling of cry I and cry 4 genes of the bacterial isolates was done using universal cry I and cry 4 primer.
Amplification with universal cry I gene primer was obtained for eight isolates, producing a fragment of
250 bp size. Amplification for cry 4 gene, specific to diptera was obtained for two isolates, with an
amplicon size of 531 bp. PCR with cry 1A primer, designed during the study, yielded amplification for two
isolates with an amplicon size of 554 bp. The amplified fragments were cloned and sequenced. Theoretical
analysis of sequence showed 100 per cent identity with cry I and cry 4 genes. In order to amplify the
variable region of cry I gene, PCR was carried out using cry I primer designed by Juarez-Perez et al.
(1997) for which amplification was obtained for two isolates, with an amplicon size of 1500 bp. Presence
of cry 4 gene, specific to dipteran larvae, in the native isolates holds the great potential for further
investigation of insecticidal activity against dipteran insects. Cloning of novel and full length cry genes,
which can be expressed in transgenic crops is a potential strategy to combat resistance development in
insect populations.
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Eutrophication Risk Assessment in Hamilton Harbour: System Analysis and Evaluation of
Nutrient Loading Scenarios

Alex Gudimov, Centre for Environment, University of Toronto

Environmental modeling has been an indispensable tool of the Hamilton Harbour restoration
efforts, where a variety of data-oriented and process-based models have been used for setting the
water quality goals by linking management actions with potential ecosystem responses. The
former models are mainly steady-state; mass balance approaches that predict lake total
phosphorus concentrations as a function of lake morphometric/hydraulic characteristics, while the
latter ones are founded upon a mathematical depiction of biogeochemical processes that
summarize the state of knowledge in limnology. In this study, the objective is to develop a
biogeochemical model that can effectively depict the interplay among the different ecological
mechanisms underlying the eutrophication problems in the Hamilton Harbour. First, there is
provided the rationale for the model structure adopted, the simplifications included, and the
formulations used during the development phase of the model. Then the results of a calibration
exercise are presented with examination of the ability of the model to sufficiently reproduce the
average observed conditions of the Harbour along with the actual ecological processes and cause-
effect relationships in the system. With the shift in focus from how far we have come to how far
we have left to go, the author attempts to address the following questions: What is the current
status of meeting the objective of delisting the study system as Area of Concern? What additional
monitoring is required? What is the likelihood of meeting the water quality targets? How fast are
we getting there? In this regard, the present modeling study undertakes an estimation of the
critical nutrient loads in the Harbour based on acceptable probabilities of compliance with
different water quality criteria (e.g., chlorophyll a, total phosphorus). The model suggests that the
water quality goals for TP (17 pg L) and chlorophyll a concentrations (5-10 pg L) will likely be
met, if the Hamilton Harbour RAP proposition for phosphorus loading at the level of 142 kg day™
is achieved. The author also provides evidence that the anticipated structural shifts of the
zooplankton community will determine the recovery rate as well as the stability of the new
trophic state in the Harbour. The author also discusses the next enhancements of the Hamilton
Harbour model and concludes by pinpointing the weaknesses of the conventional model
“training” practices (i.e., mere adjustment of model parameters until the discrepancy between
model outputs and observed data is minimized). Finally, the presented study emphasizes the
importance of calibrating the present model with Bayesian inference techniques that can
rigorously quantify the uncertainty associated with model structure and parameters.
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Two Muskoka Examples of Input into Public Policy

Developing avenues for the average Canadian to become engaged in public policy discussions is
challenging, yet fundamental to our democratic process. This talk will explore both a local and national
example of public engagement.

The Muskoka Watershed Council is a collaborative effort of the District Municipality of Muskoka and the
Muskoka Heritage Foundation. In Muskoka there is no Conservation Authority and an alternative model
to address watershed management issues was required. The Council is made up of approximately 30
individuals from across the Muskoka watersheds and from many different areas of interest. Its mission is
to Champion Watershed Health. The Council has no operating budget, yet volunteers produce well
researched and pertinent position papers that are routinely considered by local municipal governments in
developing policy. They also host a variety of public sessions that provide information and an opportunity
for dialogue with local policy makers. This presentation will draw on examples of such initiatives in recent
years.

On a national level, the Muskoka Watershed Council is working with other local agencies to host the
2010 Freshwater Summit to be held in Bracebridge on June 1 and 2, 2010. The conference will feature
presentations by six distinguished speakers, among them well known environmental scientists. The
speakers will help identify social, economic, and First Nations issues arising from the use of freshwater,
and point out ways of assisting in the identification of possible policy innovations that might improve our
ability to balance the protection of freshwater with its long term, sustainable use. Conference participants
will include the general public, students, academia, and government agencies. A key product of the
conference will be a policy position on the sustainable use, management and

protection of freshwater. This policy position will be articulated via a public communiqué that reflects a
consensus of participants’ opinions. Preliminary discussions with both cabinet ministers and the G8/G20
organizing committee indicate that they will receive the final communiqué and share its insights and
recommendations with their respective counterparts in cabinet and from the other countries.

Judi Brouse,
Director of Watershed Programs, Muskoka Watershed Council
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Evaluation of model parameter sets for the prediction of activated sludge production

Labelle, M.-A.*, Dold, P.L.>, Gadbois, A.°, Lamarre, D. ¢, Déléris, S. ¢, Mathieu, P. ¢, Comeau, Y. *

* Department of Civil, Geological and Mining Engineering, Ecole Polytechnique of Montreal, P.O. Box 6079, Station Centre-Ville,
Montreal (Quebec) H3C 3A7, Canada

b Anjou Recherche - Veolia, Chemin de la Digue, 76 400, Maisons-Laffitte, France

¢ John Meunier Inc., 4105 Sartelon Street, Saint-Laurent (Quebec) H4S 2B3, Canada

® EnviroSim Associates, 7 Innovation Drive, Flamborough (Ontario) L9H 7H9, Canada

¢ Saint-Hyacinthe WWTP, 1895 Girouard Est, Saint-Hyacinthe (Quebec) J2S 8B1, Canada

" Corresponding author, Ph.D. student (marc-andre.labelle @ polymtl.ca)

Abstract for oral presentation

Sludge production and oxygen consumption in the activated sludge process can be satisfactorily predicted
with various standard kinetic and stoechiometric parameter sets regarding the heterotrophic biomass but the
predicted active biomass (Xy) and endogenous residue (Xg) fractions will vary (Dold, 2007). This variation
will influence the specific activity and the biodegradability of the mixed liquor, which will, notably, affect
its biochemical methane potential (BMP).

The objectives of this project were to determine, at pilot scale and with real wastewaters, the active biomass
(Xy) and the particulate unbiodegradable organic (Xy) fractions in the mixed liquor from a complete sludge
retention experiment.

A 7 m’ pilot membrane bioreactor (MBR; Puron, Koch Membrane Systems) was fed with primary settled
wastewater from the city of Saint-Hyacinthe with 3 successive periods of feeding (1 m*/h) and famine (no
influent), for a total of 65 days of experimentation without any sludge wastage. Influent COD, TSS and
VSS concentrations and mixed liquor COD, MLSS and MLVSS concentrations were measured daily from
flow-paced composite samples and three times per week from grab samples, respectively. The MLSS
concentration was also measured with an on-line probe (Solitax, Hach). The MBR was initially filled with
the WWTP mixed liquor, operated at an SRT of 4 days.

The mixed liquor active biomass, Xy, was determined by monitoring the endogenous oxygen uptake rate by
respirometry. The influent particulate unbiodegradable organic fraction (fyp) was obtained by fitting the
experimental MLVSS concentrations in a commercial simulator (BioWin). Both Xy and Xy, were evaluated
with the default simulator parameter set for the heterotrophic biomass (General ASDM model from
BioWin) and the parameters proposed by Metcalf and Eddy (2003). The remaining fraction, the
endogenous residue (Xg), was obtained by difference with MLVSS, Xy and Xy.

The TSS concentration rose from 2 to 12 g/L. over the course of the experiment. Preliminary results showed
that the influent fyp was higher than the default value in the simulator (0.08). The results presented will
allow to determine which parameter set is most appropriate to fit the experimental data and the impact on
the predicted BMP.

References
Dold, P.L. (2007) Quantifying sludge production in municipal treatment plants, WEFTEC, 80" Annual

Technical Exhibition and Conference, San Diego Convention Center, San Diego, CA.

Metcalf and Eddy (2003) Wastewater Engineering, Treatment and Reuse, McGraw-Hill, New York.



Title: Elucidation of ecosystem attributes using Ecopath with Ecosim (EwE): Application to
an Oligotrophic lake in Hokkaido, Japan.
By
Md. Monir Hossain"*", Takashi Matsuishi', and George Arhonditsis’

!Graduate School of Fisheries Sciences, Hokkaido University, 3-1-1 Minato-cho Hakodate, Japan
2Department of Physical & Environmental Sciences, University of Toronto, Toronto, Ontario, Canada, M1C 1A4

Abstract: The fishing practices in the oligotrophic Lake Toya, Hokkaido, Japan, have profound
implications in the ecosystem sustainability. In particular, the status of the sockeye salmon (Oncorhynchus
nerka) population has become a serious concern among the lake managers and policy makers during the last
decades. Whilst the decline of the sockeye salmon population has been well documented in Lake Toya, there
is considerable uncertainty with regards to the impact on the broader system dynamics. In this study, our
objective is to address this knowledge gap by undertaking a synthesis of the Lake Toya food web using the
mass-balance modeling software Ecopath with Ecosim (EwE). Our primary research question is to examine
the repercussions of the declining sockeye salmon population on the trophic dynamics of the lake. Namely,
we assess if there are any competing species that might have benefited from the decrease of sockeye salmon
standing biomass and to what extent do these changes cascade through the Lake Toya food web? Our
analysis pinpoints the critical role of the Japanese smelt in the system, which demonstrates a wide range of
effects on several functional groups at both higher and lower trophic levels in Lake Toya. In particular,
being a substantial portion of the masu and adult sockeye salmon diets, the Japanese smelt has a positive
impact on the top predators of the system. Amphipods, insects, and shrimp strongly benefit from the
autochthonous and allochthonous organic matter in the system, while the tight coupling between
phytoplankton and zooplankton seems to be particularly critical for the integrity of the Lake Toya food web.
Whereas the values of the different ecosystem attributes (e.g., primary production/biomass, biomass/total
throughput, System Omnivory Index, amount of recycled throughput, Finn’s cycling index) provide
evidence that Lake Toya is an immature system, we note that the internal redundancy and the system
overhead estimates suggest that the lake possesses substantial reserves to overcome external perturbations.
We also examined the effects of a variety of fishing policies on the biomass of masu salmon and adult
sockeye salmon, which verify the belief that the adult sockeye population is quite fragile with high
likelihood to collapse. Our analysis also predicts that sockeye will not rebound unless the fishing pressure
exerted is substantially reduced (> 50% of the reference levels used). Masu salmon seems to benefit under
all the scenarios examined indicating that the intensity of the current fishing activities is significantly lower
than its biomass accumulation rate in the system.

Keywords: Food web modeling, Ecopath model, Fisheries, Lake management, Ecosystem attributes,

Network analysis, Lake Toya, Sockeye salmon.



Occurrence, Fate and Relevance of
Contaminants in Aquatic Systems



Identification of nonpoint sources of fecal water pollution by TagMan® real-time PCR assays using
Bacteroides 16S rRNA genetic markers

Dae-Young Leel, Susan Weirz, Hung Leel, and Jack T. Trevors'

'School of Environmental Sciences, University of Guelph, Guelph, ON
2Labomtory Services Branch, Ontario Ministry of the Environment, Etobioke, ON

The PCR-based analysis of Bacteroides 16S rRNA genes has recently emerged as a promising tool to
identify the nonpoint sources of fecal water pollution. In this study, three novel TagMan® real-time PCR
assays (BacGeneral, BacHuman, and BacBovine) were developed and evaluated for their ability to
quantitatively detect the total, human-specific, and bovine-specific Bacteroides 16S rRNA gene markers.
The PCR threshold cycle exhibited a strong inverse linear relationship with the logarithm of the target gene
copy number (> > 0.99), indicating that these assays can be reliably applied to quantify the genetic
markers. The detection sensitivity was determined to be 6.5 copies of 16S rRNA gene, or approximately 1
cell per PCR. The assays were also tested with 70 reference fecal samples from various sources (human,
cattle, pig, deer, dog, cat, goose, gull, horse, raccoon), and the result showed a high diagnostic sensitivity
for all three assays (i.e. 100 % true positive identification of the target markers) without any false-negative
reactions. The BacHuman and BacBovine assays exhibited diagnostic specificities lower than 100% due to
their cross-reactions with samples from non-target animals in limited cases. However, the false-positive
reaction signals were lower than the true positive signals by two orders of magnitude, and therefore these
cross-reactions hardly affected the quantitative identification of host-specific markers. When MST
capability was tested at two freshwater streams of which water quality is known to be influenced by
different fecal sources (human or bovine), the assays accurately identified the fecal pollution source for
each stream. The current method is expected to reliably determine human and bovine fecal pollution
sources in the environment.



The Toxicity of Harmony Landfill Leachate to Green Hydra

Carrie Ginou ', John Guchardi !, Rodrigo Orrego’ and Douglas Holdway'

! Faculty of Science, University of Ontario Institute of Technology, 2000 Simcoe Street North, Oshawa,
Ontario, L1H 7K4, Canada

Harmony Landfill is a former industrial waste disposal site located immediately adjacent to Harmony
Creek in the city of Oshawa, Ontario, Canada. During its operational period from 1957 to 1980,
approximately 1 million tonnes of waste, primarily from automotive manufacturing, were deposited at the
9-acre landfill site. Although ground and surface water monitoring programs were initiated during active
waste disposal in the 1970s, the current environmental impact of the landfill on local water sources is
unknown. Recent water chemistry analyses have revealed elevated levels of some metals in surface water
samples taken adjacent to the site. In order to determine the potential impact of Harmony Landfill leachate
on aquatic organisms in nearby surface waters, laboratory toxicity tests were conducted on the model
freshwater invertebrate Hydra viridissima (Green Hydra). Hydra were pulse-exposed to varying
concentrations (0%, 3.2%, 10%, 32%, 100%) of monthly field-collected surface water samples diluted with
laboratory water. Population reproduction was at 25° C was recorded daily for 7-8 days. Current findings
indicate that any leachate flowing from Harmony Landfill has a low potential to negatively affect aquatic
invertebrate populations inhabiting adjacent surface waters including Harmony Creek.



Abstract for Presentation.
Peter Luciani, (Phd Candidate)
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Theme: Remote Sensing and Assessment of Watershed Health

Title: Watershed-scale imperviousness extraction employing spatial-based metrics.

As a principle system state variable within stormwater models simulating the effects of urbanization,
impervious surface area (ISA) must be accurately and efficiently extracted and monitored. Under this
mandate a primary objective is efficient and accurate digital image classification of ISA across large spatial
extents (e.g. watersheds and greater) at which urbanization is occurring and being observed. To meet this
objective, moderate and high spatial resolution imagery can be advantageously coupled. The spatial and
temporal coverage of the former and the spatial resolution of the latter are capitalized upon foregoing the
expense of full study area coverage at high spatial resolution. However, continued spectral confusion and
resultant classification error between varying impervious and pervious surfaces under classification
approaches, warrant further innovation. In particular, incorporating ancillary data, such as spatial metrics
(e.g. shape, texture,etc.) to reduce such classification error, affords promise.

The goal of this study is to improve the accuracy and efficiency of quantifying impervious
surfaces at the watershed scale. The study area at 25km’® covers an urban-rural fringe scene within the
Credit River Valley Watershed, Ontario, which is projected to undergoe continued urbanization and
commensurate increases in storm water pollutant loads. This study incorporates spatial-based metrics as
independent variables within two common approaches employing standard spectral-based variables in
quantifying sub-pixel percent ISA as a fractional continous and dependent variable within Landsat-5 TM
imagery (30m spatial resolution). The two approaches are: a classification and regression tree algorithm
and a regression model. A high spatial resolution colour orthophotograph (20cm) covering a test portion of
the study area is classified and aggregated to the spatial resolution of the Landsat image to produce a
fractional continous ISA map. ISA within this map is used as the dependent variable to the two approaches
that extract ISA from the the Landsat image. A number of conventional spectral-based and new novel
spatial-based metrics serve as independent variables derived from the Landsat imagery. The accuracy of
extracted ISA maps under both approaches are compared. Specifically, extractions that include spatial-
based metrics both in addition to and apart from a suite of standard spectral-based variables are compared.
Accuracy of independent test portions of the extracted ISA maps are measured using root mean squared
error and pearson's product moment correlation coefficient values (r) relative to the initial ISA map derived
from the high resolution imagery. ISA is subsequently extracted from the entire watershed using the most
accurate approach and combination of independent variables. Overall this research offers a new approach,
under an explicit accuracy assessment, necessary for improved accuracy under automated classifications of
imperviousness at small geographic scales and large spatial extents such as watersheds and greater.
Practical applications include: upscaling storm water utility benefits; quantifying classification and
parameter error to overall accuracy/uncertainty in stormwater modeling endeavours; and improved
monitoring and assessment of impervious surface area necessary to predict storm water impacts of
urbanization.

The Reductive Degradation of the Medium Priority CMP Dye Acid Blue 129: A Potential
Wastewater Treatment Approach

Salma Shirin and Vimal K. Balakrishnan

Aquatic Ecosystem Protection Research Division
Water Science and Technology Directorate, Environment Canada
867 Lakeshore Road, Burlington, ON, L7R 4A6

Acid Blue 129 (AB 129) is a synthetic anthracenedione dye that is mainly used in textile
industries. AB 129, as well as other dyestuffs, represents a potentially important class of organic
pollutants about which little are known regarding their environmental fate. Organic compounds
can undergo chemical transformations when they interact with environmental matrices; therefore,
understanding these transformations is a critical aspect of assessing their environmental fate.



In the current study, Acid Blue 129 was shown to be reduced quite efficiently in the presence of
zero-valent iron. Reaction products were identified using accurate masses obtained from high
resolution LC-Q-ToF-MS instrumentation. At room temperature, AB 129 disappeared within 30
days whereas at elevated temperature, disappearance was found to be complete within 4hrs.
Loss of the dye was attributed both to adsorption onto the Fe surface as well as through chemical
transformations. The transformation appears to be a surface mediated process and proceeds via
competitive reductive pathways. We found that Acid blue 129 produced 2,4,6-trimethylaniline (a
potential carcinogen) as well as other aromatic reduction products in which the bioactive
anthracene moiety remained intact. On the basis of our results, we conclude that not only should
the parent compound be considered in when conducting environmental risk assessments, but so
too should the impacts of potential degradation products.



Grassroots Community Engagement: Towards an Integrated Policy Approach

Science, policy knowledge, and on the ground expertise combined form an effective
integrated approach to forming and implementing strategies for safe and clean water.

Implementation of policy ultimately lies at the community and grassroots level. Yet they
lack a secure seat at the policy table. Basic and commonly used programs reliant upon
economic incentives and information campaigns often fail to produce a significant
impact upon behaviour as they do not involve public participation and subsequent
commitment to the issue at hand. Knowledge campaigns may induce public acceptance
of policies though not necessarily public action.

Community-based social marketing developed by Doug McKenzie-Mohr identifies
commitment and social norms as key to overcoming perceived barriers to engaging in
activities desired by policymakers. It is grassroots organizations operating at the
community level, employing face to face interaction, who possess the ability to engage
citizen support. The fluid integration of grassroots organizations with local citizens
grants them access to the identifying barriers - vital policy knowledge. Most of all these
groups have a vested interest in the water quality of their community and surrounding
area which is demonstrated by their existing operations.

The information gathering potential, community integration, and existing activity of
grassroots organizations renders them a vital asset to the policy making process.

This presentation will focus on:

° Developing useful communication materials fit for public consumption
through all channels: print, media and social networking

. Structuring effective ways for policy researchers to elicit input from the
community sector (methods of identifying barriers to action)

° Identifying guidelines to create policy frameworks for citizen engagement
using the community-based social marketing model

Natalija Milicevic, U of T graduating student in Environmental Policy Development
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Phosphorus Release from Fish Farm Sludge

Marie-Laure de Boutray', Jaume Puigagut'?, Florent Chazarenc® and Yves Comeau’

! Department of Civil, Geological and Mining Engineering, Ecole Polytechnique of
Montreal. 2500, chemin de Polytechnique, Montreal, (Quebec) Canada H3T 1J4

2 Institut de recherche en biologie végétale, Université de Montréal, 4101 Sherbrooke Est,
Montreal (Quebec), Canada H1X 2B2

3Ecole des Mines de Nantes. 4, rue Alfred Kastler, La Chantrerie, B.P. 20722, F-44307
Nantes Cedex 3, France

Abstract

Microfauna (protozoans and small metazoans) and mesofauna (tubificids worms and
chironomids larvae) living at the water/sludge interface directly influence phosphorus
dynamics. This study reports experimental results from an earth pond system used to
culture Brook trout, Salvelinus fontinalis. Samples for biological and physical chemical
analyses were taken from water, sludge accumulating at the bottom of the pond through
the production season (BS) and sludge accumulating in a sludge collecting device (CS)
(which is considered as “young” sludge since it was extracted every week). The pond was
monitored during four months and abundances of organisms recorded where employed to
calculated their potential contribution to phosphorus mobilization of fish farm sludge by
using their phosphorus release capacity described in literature. Flagellates were the most
abundant group in water and sludge (either BS or CS) and they represented the group
with the highest biomass in BS (390 ug/g sludge). However, the most important
biological group in terms of biomass for the CS was the chironomid larvaes (4.4-10° ng/g
sludge). Flagellates and chironomid larvaes showed the highest potential capacity for P
release (3.23 and 515 mg P kg sludge™ d”', respectively), which implies that they might
be able to mobilize the whole phosphorus content of BS (290 mg P/kg sludge) within less
than one day and three months to the chironomids and flagellates, respectively. Results
also evidence that the presence of microfauna and mesofauna communities is highly
dependent on the type of sludge considered. Accordingly, CS (one-week-old sludge) has
no presence of chironomids larvaes, small metazoan or tubificid worms, and the
abundances of ciliates and flagellates are much lower when compared to BS. Therefore,
the periodical removal of sludge generated in a fish farm should contribute to reduce the
phosphorus released by micro and mesofauna communities.
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ABSTRACT
Gastroenteritis caused by waterborne pathogens affects roughly 2 million individuals

annually (WHO, 2003). Traditionally, indicator organisms are used as the main evaluator
of threats to water quality, however, correlation between indicators and pathogens is
becoming less prevalent since they do not always co-exist. As such, assays based on
the polymerase chain reaction (PCR) have been proposed as a platform for the
development of novel and standardized detection systems. The objective of this study
was to examine the feasibility of using quantitative real time PCR (qPCR) as a
standardized technique to detect E. coli O157:H7, Campylobacter jejuni, Salmonella
typhimurium, Shigella flexneri and Pseudomonas aeruginosa in Ontario source water. A
robust set of oligonucleotide primers were designed by using the LightCycler Probe
Design2 software (Roche Diagnostics, Laval, Quebec) to target virulence-associated
genes; having both high specificity and increased sensitivities for low pathogen loads, as
determined experimentally. Primers were tested with pure culture and both naturally and
artificially contaminated Lake Ontario water samples to evaluate their effectiveness. The
detection limits obtained indicate that 53, 215, 420, 30 and 12 genome equivalents for
each of the previously mentioned pathogens can be detected with the newly designed
primer sets. Future testing will involve a comparison of the primer sets in real-time PCR
to traditional coliform counts using environmental samples. It is expected that the
proposed detection system will allow rapid, sensitive, and quantitative pathogen
detection within a matter of hours.
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Recent monitoring studies have confirmed that certain pharmaceutically active compounds
(PhACs) are present in the Canadian environment. However, essentially all monitoring studies
have three important limitations that should be addressed. First, in such studies, out of
necessity only a few PhACs have been selected for study. Second, of the chemicals selected for
monitoring, these studies can only report those contaminants that occur in concentrations that
exceed the detection limits of the analytical methods used. Third, and perhaps mostly
importantly, such studies span very limited spatial and temporal scales, with often only a few
surface water samples being collected for analysis directly downstream of selected wastewater
treatment plants. Therefore, in order to better grasp the relevance of PhACs in the environment
as a whole, theoretically sound geospatial fate models have an invaluable role to play. Besides
addressing the inherent shortcomings of monitoring studies mentioned above, geospatial
models also facilitate in the identification of “contaminant hotpsots” within a particular
catchment, therefore pragmatically directing future monitoring studies. Hence, the focus of the
current investigation was to develop a geospatial contaminant fate and hydrology model of the
Saint Lawrence River Basin. Runoff estimates were based on the global hydrological model
WaterGAP; the original coarse scale estimates were spatially downscaled and routed along a
high resolution river network. A local validation of the derived discharges was performed using
HYDAT monitoring data. The contaminant fate application of the model for PhACs will be
demonstrated using carbamazepine as a case study, comparing predicted concentrations of
carbamazepine to what have been reported by monitoring studies in the catchment. The
current limitations and expected refinements of the model will also be presented.



Algal blooms in Ontario lakes
JENNIFER WINTER, LYNDA NAKAMOTO AND KAORU UTSUMI
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The Ontario Ministry of the Environment provides an algal identification service as part of the Ministry’s
response to algal bloom events. We’ve been tracking the samples that have come into our group since 1994.
Over the period from 1994 through 2009, we noted a significant increase in the number of algal bloom
samples received each year (P < 0.001). There was also an increase in the number of samples in which
cyanobacteria were confirmed to be dominant (P < 0.001), with these samples making up approximately 50
% of the total during peak years. The most common genera of cynobacteria identified were Microcystis,
Anabaena, Oscillatoria and Aphanizomenon. The remaining samples were dominated by chrysophytes in
particular, filamentous green algae, or occasionally by dinoflagellates or diatoms. We also noted
geographic and seasonal trends in the bloom samples submitted. Most of the increase in the number of
cyanobacterial bloom samples was accounted for by samples from lakes in northern Ontario (located within
the boundary of the Ministry’s northern region). Samples are now coming in for analysis later into the fall
than they did during the 1990s; bloom identification requests extended well into November in recent years.
We will explore these trends in our presentation, and will outline several case studies conducted by our
group in lakes experiencing recurrent algal blooms to evaluate the factors contributing to bloom
development.



Assessment of the Environmental Release
and Eco-toxicological Relevance of lllicit Drugs
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The detection of illicit drugs in environmental matrices may be a cause for concern, both from
the perspective of their potential environmental impacts and the fact that their presence in
detectable concentrations would be an indicator of significant drug use. The primary objective
behind recent studies on this subject has been to use measured concentrations of selected illicit
drugs in the environment as a means of back calculating the epidemiological prevalence of these
drugs and patterns of consumption. Typically, such back calculations hinge on the use of solitary
excretions estimates from either a single study or grey literature. Therefore, the need exists to
conduct a meta-analysis of a number of suitable excretion studies to evaluate excretions profiles
of the various drugs which will not only provide mean excretions values but also indicate the
expected variations (e.g., confidence intervals). After conducting such a study on a variety of
illicit drugs including amphetamine, cocaine, heroin, methamphetamine, 3,4-
methylenedioxymethamphetamine (MDMA) and tetrahydrocannabinol (THC), the results
obtained clearly indicate that certain extrapolation factors currently being used in literature to
enumerate epidemiological prevalence are erroneous. Furthermore, the analysis also highlights
the need for more thorough metabolic profiling studies for compounds such as MDMA and THC
before their measured environmental concentrations can be used for purposes of back
calculating epidemiological prevalence. An additional goal of the current investigation was to
assess, albeit at a screening level, the potential eco-toxicological relevance of such contaminants
and their metabolites. The results obtained suggest that, based on the data currently available,
such contaminants and their metabolites are unlikely to pose an eco-toxicological risk. However,
a few key eco-toxicological gaps must be addressed before this can be stated with a certainty.



Use of Models in Watershed Management
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Abstract:

Hydrologic and hydraulic models are now widely used in watershed management. Models can us help
understand the system dynamics of watersheds and do routine computations of hydrologic phenomena.
Although models are seen primarily as a technical tool, they are now being increasingly used to support
policy formulation and dispute resolution. Drawing on the experience of the recent use of models at Rideau
Valley Conservation Authority, the current use and future potential of numerical models in watershed
management are elucidated. It was found that models can be used to analyze problems in an objective way
and to communicate technical information to policy makers and general public.

Ferdous Ahmed, Ph.D., P.Eng.,

Senior Water Resources Engineer

Rideau Valley Conservation Authority

3889 Rideau Valley Drive, Manotick, Ontario, Canada K4M 1AS
(613) 692-3571 x-1170; (613) 692-0831 fax

ferdous.ahmed @rvca.ca




Gene Expression Changes in Rainbow Trout (Oncorhynchus mykiss)
Exposed to Randle Reef Sediment
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Abstract

Hamilton Harbour was identified as an Area of Concern (AOC) in 1985 by the
International Joint Commission. As a result of that designation there is a Remedial Action
Plan (RAP) to restore the harbour’s beneficial uses. The sediment in Randle Reef is
highly contaminated with Polycyclic Aromatic Hydrocarbons (PAHs) and heavy metals.
We are developing a set of molecular tools for use in fish to track the efficacy and
progress of the remediation process for Randle Reef. We used the Fluorescent RNA
Arbitrarily Primed Polymerase Chain Reaction technique (FRAP-PCR) to identify genes
that were differentially expressed in rainbow trout after their exposure to Randle Reef
sediment in the laboratory(2-,10-, & 21-d). FRAP-PCR revealed over 70 identifiable
gene transcripts from livers of the exposed fish. Preliminary analysis also yielded 11
genes from brain and 15 from blood samples from the same fish. The parent genes of
those differentially expressed transcripts were identified by BLAST analysis of the
cloned and sequenced cDNA. Gene Ontology analysis of the genes identified by FRAP-
PCR indicated that sediment exposure altered the expression of genes in the following
categories: cell adhesion, cell morphogenesis, DNA synthesis, immune responses,
metabolism, proteolysis, reproduction, cell respiration, response to stimulus, cell
transport. Quantitative polymerase chain reaction (JQPCR) data showed that the PAH
inducible gene CYP1A was significantly (P<0.05) induced on exposure to Randle Reef
sediment. Unexpectedly, we also observed significant induction of vitellogenin (Vtg)
mRNA (P<0.05) which was consistent with up-regulation of Vtg protein as measured by
ELISA (P<0.05) in the sediment exposed rainbow trout.



An Emerging Threat: Privatization & Commercialization of
Water in Canada

National Network on Environments and Women’s Health

In North America, privatizing water can involve transferring full control of
water supply networks into the hands of private corporations by fully
divesting assets through public flotation (i.e. when common stocks or
shares are offered to the public), through direct sales, or through private-
public-partnerships (P3s). Increasing private sector involvement in water
supply networks all over the world has been accompanied by a rise in the
application of commercial principles to water systems. This
commercialization of water means private sector norms which center on
profit- making and maximized efficiency are emphasized. While traditional
government-run water utilities often subsidize prices for consumers in
hopes of attaining social equity, many private and publicly-owned water
systems today are choosing to adopt this commercial approach to water
pricing.

Most research shows that when governments decide to enter into
partnerships with the private sector for the provision of drinking water, it
results in detrimental public health effects, and that women are particularly
likely to be adversely affected. The cost and availability of water has
implications for women in Canada, both in terms of their own personal
health, and because women are very often primary caretakers, responsible
for caring for the structural and health needs of their families and
community. A gendered analysis of privatization should be considered by
policy makers but is often absent. This research will contribute to the
present gap in the privatization debate.




Removal of nitrate-nitrogen from wastewater will cost millions,
achieve little, and may be detrimental to Lake Winnipeg

Jan Oleszkiewicz The University of Manitoba, Winnipeg MB  oleszkie@cc.umanitoba.ca
Nick Szoke City of Winnipeg, Water & Waste Dept

Lake Winnipeg is the 10" largest freshwater lake in the world, has the 2™ largest watershed in Canada, and
there are signs pointing to its accelerated eutrophication. Manitoba is striving to become a beacon of
environmental and economic sustainability yet we see recommendations based on the precautionary
principle, rather than sound engineering and scientific advice. The Manitoba Clean Environment
Commission recommended that effluent quality from Winnipeg’s wastewater treatment plants not exceed
15 mg N/L for total nitrogen (TN), 1 mg P/L for total phosphorus (TP), and the ratio of TN/TP be held
constant at 15:1. Lake Winnipeg is approaching the sorry state that Lake Erie was in some 40 years ago.
Only phosphorus control was implemented to mitigate eutrophication and today the water in Lake Erie
water is clear. Neither nitrogen removal nor enforcement of effluent ammonia was implemented for
protection of the aquatic environment of Lake Erie.

A sustainable approach to wastewater treatment design and operation to remove certain constituents to low
levels must take into consideration the ecology of the receiving environment, the wastewater
characteristics, the resources required to achieve the stipulated regulatory limit, and the measurable benefits
to the upgrades would have on environment. The current debate on nitrate-nitrogen removal from City of
Winnipeg wastewater is emotionally charged, with perceptions that engineers are reluctant to improve
wastewater treatment to protect the environment. As such, there is an impression that the public and the
regulators must stand on guard and tell engineers what to remove and how it should be done. Before
perceptions become reality, technical and scientific facts should be fully analyzed to make an informed and
supportable decision. Engineers are passionate about their work and would willingly design and build
major capital works projects with delight, and would revel in the opportunity in operate the most modern
and sophisticated treatment processes available. While it is good to dream, the reality is that engineers
have signed an oath to protect the environment and the public, and are obligated to speak against
unnecessary expense.

The facts in this case will be presented to illustrate how effluent permit limits for specific parameters can
affect treatment plant costs and relate to water quality. There are many ways of simplifying design options
and reducing costs when nitrate removal is not enforced. However, tying the N:P ratio at 15:1 means that
achieving an effluent TP limit of 0.3 mg P/L (which should be implemented in due course) the effluent TN
would have to 4.5 mg N/L, which approaches the limits of technology (LoT) and would likely require an
external carbon for denitrification. This would be an unjustified and an egregious public expenditure. In
the phosphorus-rich eutrophic Lake Winnipeg the presence of nitrates is the main factor mitigating the
blue-green blooms during the summer.



Integration of mathematical modeling and Bayesian inference for
setting water quality criteria in Hamilton Harbour, Ontario, Canada.

Maryam Ramin*, Serguei Stremilov, Tanya Labencki, Alexey Gudimov, Duncan Boyd, and George B.
Arhonditsis

Abstract: The credibility of the scientific methodology of mathematical models and their adequacy to form
the basis of public policy decisions has frequently been challenged. We argue that the development of
novel methods for rigorously assessing the uncertainty underlying model predictions should be a top
priority of the modeling community. Striving for novel uncertainty analysis tools, we believe that the
Bayesian calibration of process-based models is a methodological advancement that warrants consideration
in aquatic ecosystem research. This modeling framework combines the advantageous features of both
mechanistic and statistical approaches, i.e., mechanistic understanding that remains within the bounds of
data-based parameter estimation. Other advantages of the Bayesian approach is the ability to sequentially
update beliefs as new knowledge is available, and the consistency with the scientific process of progressive
learning and the policy practice of adaptive management. In this study, the Bayesian calibration framework
is used to guide the water quality criteria setting process in Hamilton Harbour; a eutrophic system in
Ontario, Canada. First, we present the results of the Bayesian calibration exercise and examine the ability
of the model to sufficiently reproduce the average observed patterns along with the major cause-effect
relationships underlying the Harbour water quality conditions. We then address the following critical
questions regarding the future response of the system: How possible is it to meet the objective of delisting
the study system as an Area of Concern, if the nutrient loading reductions proposed by the Hamilton
Harbour Remedial Action Plan are actually implemented? What additional remedial actions are needed to
increase the likelihood of meeting the water quality targets? In this regard, the present modeling study
undertakes an estimation of the critical nutrient loads in the Harbour based on acceptable exceedance
frequencies and confidence of compliance levels with different water quality criteria (e.g., chlorophyll a,
total phosphorus). Our analysis suggests that the water quality goals for TP (17 ug L) and chlorophyll a
concentrations (5-10 ug L") will likely be met, if the recommendation for phosphorus loading at the level
of 142 kg day’ is achieved. We also provide evidence that the anticipated structural shifts of the
zooplankton community will determine the restoration rate of the Harbour. Finally, we pinpoint two critical
aspects of the system dynamics that invite further investigation and will likely modulate the stability of the
new trophic state, i.e., the coupling between the benthic and pelagic habitat and the relative importance of
the allochthonous organic matter in sustaining the secondary production in the system.

Keywords: Phosphorus loading, Eutrophication modeling, Risk assessment, Hamilton Harbour,
Ecosystem restoration, Top-down control, Benthic—pelagic coupling.
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ABSTRACT
Current freshwater quality monitoring methods are inadequate due to their reliance on

expensive and timely off-line laboratory analyses. A more economical and faster
approach to water quality monitoring is the in-situ biological early-warning system
(BEWS). BEWS is an emerging water-surveillance technology which continuously
measures the behavioural parameters of an organism in a monitoring chamber. Many
aquatic organisms are sensitive to changes in water quality, and thus their short-term
response characteristics can be modelled and used as biosensors. Some publications
have documented the effects of several contaminants on the behavioural parameters of
selected aquatic organisms: the macrophyte Lemna minor, the green algae
Pseudokirchneriella subcapitata, the single-celled protist Euglena gracilis, the freshwater
bivalve Anodonta grandis, the invertebrate crustacean Daphnia magna, the freshwater
amphipod Hyalella azteca, and the oligochaete worm Lumbriculus variegatus. Published
results indicated that each organism exhibited a different set of responses to each
contaminant, and each class of contaminant elicits a different set of responses from
each organism. By modelling the response data according to species and class of
contaminants, this study aims to develop a holistic system that is capable of both
detecting and identifying the types of stressors. Multivariate statistical tools such as
principal component analysis will be employed to reduce the number of dimensions and
reveal causal relationships among variables. The detailed methodologies for modelling
and interim results of this study are presented in this paper.
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Abstract

Dewaterability of sludge represents either the rate of filtration or the percentage of bound water content of
the sludge after dewatering (Jin et al., 2004). Sludge dewatering is considered as one of the most difficult
and costly processes in treatment plants. Sludge bound water consists of four different pools: bulk water,
interstitial water, vicinal water and chemically bound water. Chemically bound water is strongly attached
within the floc by strong H-bonds and could be removed at 105° C (Smollen, 1990; Vesilind and Martel,
1990). Bulk water represents the part of water surround the flocs, interstitial water represents the part held
by capillary forces. These two pools of water can be removed by physical means such as vacuum filtration,
belt filter presses, drying beds or centrifugation. On the other hand, vicinal water represents the part that
might be adsorbed or absorbed by organic solid surfaces within the microbial flocs (mainly the bound
extracellular polymeric substances, EPS) through the H-bonds between the polar water molecules and the
negative functional groups such as OH and NH,. Christensen and Characklis (1990) described EPS as a
hydrated matrix with 98% water content. Since the vicinal and chemically water are tightly bound to the
organic surfaces and hardly removed by conventional physical means, the goal of this research is to apply
direct current field to enhance the removal of microbial flocs tightly bound water through electrokinetic
phenomena including elecro-osmosis.

A series of batch electro-bioreactors of 1-L volume equipped with aluminium anode and iron cathode and
aerated upward at air intensity enough to maintain aerobic conditions were designed to conduct this
experiment. Three mixed liquor suspended solids (MLSS) of 3000, 9000 and 14000 mg/1 and five electrical
exposure time modes (5’-on/5’-off, 5’-on/10’-off, 5’-On/15’-off, 5’-on/20’-off and continuous-on) were
tested at current density ranging between 5 to 35 A/m”. Each reactor was exposed to electricity for a
minimum of 70 h. Specific resistance to filtration (SRF) was measured to describe sludge dewaterability.
Particle size distribution was measured to evaluate electro-biofloculation and the removal of the tightly
bound water from the microbial flocs.

Results showed substantial reduction of SRF ranging from a few times up to more than 200 times for
almost all MLSS and all electrical exposure modes when the current density ranged between 20 to 35 A/m’.
As it was speculated, high MLSS, continuous-on and 5’-on/5’-off exposure modes showed an increase in
SRF due to its negative effect on cells viability and the release of soluble microbial products (SMP) into the
sludge liquor. This outstanding improvement of SRF was mainly due to the extraction of microbial flocs
bound water through electro-osmosis and due to the removal of SMP and colloidal organics from the
sludge liquor by electro-coagulation between flocs, SMP, and the aluminium hydroxides formed as AI’*
released from the anode. Flocs mean particle size was found to shrink by 1% to 32 % due to the extraction
of tightly bound water over the operating period by electro-osmosis driving forces. The highest removal of
bound water was achieved at current densities between 40 to 60 A/mz, while the lowest extraction was
gained at current densities between 5 to 12 A/m”. Current densities between 20 to 40 A/m” exhibited 8 to 17
% reduction of flocs size. On the other hand, low current density (< 10 A/m2) was found to cause an
increase of SRF mainly due to its weakness to extract the bound water. From the previous results, it is
concluded that applying DC field at the proper current density and electrical exposure mode based on the
MLSS concentration has a potential to substantially enhance sludge dewaterability to levels that could not
be achieved in conventional treatment plants. It could be applied to submerged membrane electrokinetic
system (Elektorowicz et al., 2009).
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There is a growing consensus in the scientific literature that expert-driven decision-making
approaches on their own are not adequate for dealing with ‘wicked’ problems common in the
environmental field. Wicked problems are characterized as having:

e Complex, uncertain, or ambiguous information;

No clear end point;

Competing stakeholder interests;

‘Quasi-scientific’, because more than scientific knowledge is required; and
Risk of an adverse outcome.

New approaches are being proposed for addressing wicked problems. These bring together
experts and stakeholders to share scientific and stakeholder knowledge, and incorporate societal
values to create a common or ‘vernacular’ knowledge. These are key ingredients of new decision-
making approaches that integrate risk analysis and environmental governance — something the
literature terms ‘risk governance’. The purpose of this paper is two-fold: (1) to describe the
elements of such a broader risk governance approach, and (2) to present a case study that
illustrates how such an approach can be implemented in Ontario.



Anaerobic ammonium oxidation (anammox), discovered in 1995, is a relatively recent addition to our
understanding of nitrogen cycling. Since its discovery, anammox has been estimated to be responsible for
up to 67% of global nitrogen losses from marine environments, and anammox-performing organisms have
been located in anaerobic environments across the globe. Anammox involves the 1:1 addition of
ammonium and nitrite to generate nitrogen gas, and is mediated by a group of five known genera of
microorganisms belonging to the Planctomycetes group of the Bacteria. Traditional methods of removal of
ammonium from wastewater are costly and produce greenhouse gases; anammox provides a new and
ecologically favorable technology for improving groundwater quality in situ. This collaborative effort
presents the first investigation of the role of anammox in groundwater environments. Communities of
anammox-performing organisms were studied at two sites in southwestern Ontario using culture
independent methods including 16S rRNA gene sequencing and denaturing gradient gel electrophoresis
(DGGE; a community fingerprinting technique). Several clones grouped closely with known anammox
organisms, and it was found that anammox-performing communities exist and vary between contaminated
groundwater sites. This project provides the first data on the existence, abundance and importance of
groundwater anammox community composition, and will enable potential practical applications for the
application of in sifu techniques for remediation of groundwater and the treatment of nitrogen-rich
wastewater



MAPPING AND CFD ANALYSIS OF MULTI-LAMP PHOTOREACTORS FOR
AQUEOUS DEGRADATION OF METRONIDAZOLE
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ABSTRACT

Photochemical reactors have been widely used in water and wastewater treatment
during recent decades. Increasing the number of UV lamp inside the photoreactors
enhances the local volumetric rate of energy absorption and results in higher
degradation rate of organic compounds. The number of UV lamps and their locations
influence the fluid flow characteristics and the degradation efficiency. Understanding the
fluid flow and the synergetic effects caused by UV lamps is helpful to get maximum
advantages of irradiation with minimum electrical energy consumption. In this study,
different locations of four lamps are analyzed to compare their effectiveness.
Computational fluid dynamics (CFD) is used to investigate fluid flow for different
configurations. k-¢ turbulent model is used for CFD analysis to find velocity profile,
turbulent kinetic energy, turbulent dissipation rate, turbulent viscosity, and vorticity.
Metronidazole is selected as a model compound to investigate its degradation for
different configurations.
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Sediment and Nutrient Loading from Big Creek Watershed, Ontario
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Nutrient and sediment deposition into receiving surface water bodies is continued to be of major public
health concern due to eutrophication and Hypoxia. The present study forms a small part of the Big Creek
watershed plan development being carried out by various stakeholders including the farmers, Essex Region
Conservatory Authority, Town of Amherstburg, the Province of Ontario, Environment Canada, etc. This
plan aims to identify and assess the natural resources in the Big Creek and develop appropriate strategies
to protect and/or manage these natural resources under present condition and as land use or other changes
that may occur over time.

The objective of the present study is to model the sediment and nutrient loading from the Big Creek
watershed in Essex Region using Annualised AGricultural Non-Point Source (AnnAGNPS) pollution
model. The model is used to evaluate the response of the Big Creek watershed to various agricultural
practises implemented at the outlet point, in this case, Lake Erie. The study presents the results of the
annual and seasonal variations in the sediment loadings. These outputs will be used to identify both
structural and non-structural BMPs along the source areas and reduce the pollutants.



Water Science and Water Policy: Interfacing with Community Organizations

The object of this session theme is to focus on an oft neglected aspect of water science
and water policy research: essential interface with community and grassroots
organizations.

Effective communication and participation can contribute to this goal. Yet with the
understandable drive to ensure that good science effectively informs policy
development, the community voice is seldom heard at the policy table.

Grassroots organizations, however, can muster citizen support for the collection of a wide range of credible
data and ongoing environmental monitoring in an age where sharing information is becoming faster and
easier. Such involvement will not only strengthen the basis for knowledgeable community input to the
policy process, but also enhance the chances of widespread public acceptance of those policies.

After all, when it comes to disseminating and implementing the fruits of both science
and policy, those same community groups become the front lines. At the end of the
day, who better to entrust the knowledge and power required to preserve our water
resources than those already well-versed, engaged and motivated, and who in their own
particular environs, love them most?

This session invites presentations that illuminate one or more aspects of the theme
outlined above:

® Training and mentoring local community organizations in water quality
monitoring, data collection and sharing in order to standardize water data and
making it more credible and communicable

e Fostering clear communication techniques in the science-policy-grassroots
dialogue

e Developing useful communication materials fit for public consumption through
all channels: print, media and social networking

e Structuring effective ways for policy researchers to elicit input from the
community sector

¢ |dentifying guidelines to create policy frameworks for citizen engagement



Numerical Modeling of Hydrodynamics and Tracer Dispersion in Lake
Winnipeg
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A three-dimensional hydrodynamic modeling system (ELCOM) is used to study the circulation and thermal
structure in Lake Winnipeg. To assess the model performance, we simulate the circulation and temperature
distribution of the lake in 2007 and compare the model results with the observations made in the lake. The
model showed considerable skill in reproducing the thermal structure, surface currents and water levels.
The modeled currents are used to examine the transport and dispersion of passive tracers, local flushing
time, and retention and hydrodynamic connectivity of passive particles in the lake. Simulations using
passive tracers qualitatively agreed with the measurements of deuterium in Lake Winnipeg during the study
period.



