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Oral Presentations

Potential Influence of Climate Change on Surface Water Quality
(Section 1-A-1 Keynote)
Catherine Mulligan1,*
1 Department of Building, Civil and Environmental Engineering, Concordia University, Montreal,
Canada, H3G 1M8
*Corresponding Author: catherine.mulligan@concordia.ca, Tel: +1(514) 848-2424
ABSTRACT
Climate change synergically associated with population overgrowth and our consumption behaviour
has been and will degrade our Earth more than its capacity, if nothing is done in the near future.
Many elements affect the natural dynamics of the lithosphere, hydrosphere, biosphere, and
atmosphere and some are starting to be seen as common in our daily life, even though they should
not be. Some of these can be highlighted as the unwanted chemical substances due to discharge to
the soil and/or water and sediments, and anthropogenic fertilization of water bodies (i.e.,
eutrophication). In order to ensure a health environment, not only for the present generation but also
for generations to come, the only way to move forward is with appropriate remediation
techniques/methodologies of affected ecosystems using Sustainable Engineering Practices.
Engineers need to act now, for a sustainable and health environment in the future.
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Chemical Characterization of Oil Spills in Aquatic Environments by Solid-Phase
Microextraction Coupled with Gas Chromatography
(Section 1-A-2)
1
Nasima Chorfa , Tahereh Boloori2, Benjamin de Jourdan2, and Feiyue Wang1, *
1. Centre for Earth Observation Science (CEOS), and Department of Environment and Geography,
University of Manitoba, Winnipeg, MB, Canada, R3T 2N2
2. Huntsman Marine Science Centre, St. Andrews, NB, Canada, E5B 2L7
* Corresponding Author: Feiyue.Wang@umanitoba.ca, Tel: (204) 474-6250
ABSTRACT
The risk assessment of a petroleum oil spill in aquatic environments is mainly driven by the chemical
exposure of living organisms. This is typically done by monitoring chemical profiles in the
weathered oil and assessing its toxicity in the laboratory and under field conditions. Due to the
complex chemical composition of oil, an efficient and easy-to-use analytical tool is needed. This
work presents solid-phase microextraction (SPME) as a solvent-free, non-depletive technique to
integrate sampling and concentration. The technique employs a polymer impregnated on a metal
fiber, which is immersed in the headspace (HS) of or directly in an aqueous sample for the extraction
of organic compounds. The SPME fiber is then injected in a gas chromatograph where the extract
is thermally desorbed, identified and quantified.
Here we show two applications of the SPME technique in oil spill research. The first
application is on the determination of BTEX (i.e., benzene, toluene, ethylbenzene and xylenes) in
the water accommodated fraction (WAF) and chemically enhanced WAF (CEWAF, by the addition
of a Corexit dispersant) of oil-contaminated seawater. The co-polymer Divinylbenzene/Carbon
Wide Range/Polydimethylsiloxane exhibits excellent BTEX selectivity and sub-ppb detection limit.
Our HS-SPME analysis showed disparity in BTEX concentrations of CEWAF/WAF as the presence
of the dispersant creates a microemulsion that reduces the interfacial tension between oil and
seawater and increases the apparent BTEX solubility. The other application is the biomimetic
extraction (BE-SPME) of bioavailable acid-extractable organics in oil contaminated waters. Our
results show a 20-fold increase in bioavailable concentrations after acidification of oil sands
process-affected water. It emphasizes the importance of acidification to convert naphthenate salts
into naphthenic acids when assessing the bioavailability of polar compounds. The BE-SPME
method has the potential to be a simple and effective technique to predict the acute aquatic toxicity
of petroleum mixtures, and the resulting bioavailable concentrations could be used as a water quality
guideline for oil spill response.
Keywords: Oil, Water, Microextraction, Chromatography, BTEX, Toxicity
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Towards a Comprehensive Survey of Current-Use Pesticide Residues in Three
Environmental Compartments of Agriculture-Adjacent Streams
(Section 1-A-3)
1
Jonah Toth , Marco Pineda1, Vincent Fugère2, and Viviane Yargeau1*
1. McGill University, 3610 rue University, Montréal, Canada, H3A 0C5
2. Université du Québec à Trois-Rivières, 3351 boulevard des Forges, Trois-Rivières, Canada, G9A
5H7
* Corresponding Author: viviane.yargeau@mcgill.ca, Tel: 514-398-2273
ABSTRACT
The proliferation of pesticides in modern agriculture is accompanied by a significant threat to
aquatic ecosystems. Considering the increasing volume and diversity of agrochemicals used in
recent decades, significant limitations in the established agrochemical monitoring programs impede
the wholistic understanding of current-use pesticides necessary to make decisions for sustainable
agriculture and ecosystem protections.
This research attempts to provide a comprehensive picture of current-use pesticide
concentrations in agriculture-adjacent streams: the small waterways bordering cultivated lands that
serve as the initial point of entry for agrochemical contamination into the watershed. In very few
studies have water, sediment, and biofilm samples been collected simultaneously; hence, this
presents an ambitious opportunity to draw comparisons between the three environmental matrices
and generate a rare aggregate assessment of pesticide residues within the whole of agricultural
streams.
Field sampling was conducted in the Lac Saint-Pierre floodplain, an area of great ecological
importance that has been severely affected by recent agricultural intensification. Sampling sites
were chosen to reflect a gradient of land use intensity, from streams situated in undisturbed forested
areas to those bordered directly by corn and soya crops with varying scales of riparian buffer zones.
Chemical analysis was performed using ultra-high performance liquid chromatography with
tandem mass spectrometry, including online sample preconcentration. Sediment and biofilm
samples were initially processed using accelerated solvent extraction before analysis. Methods were
developed for the quantitative analysis of thirty-two and screening of sixteen physiochemically
diverse current-use pesticides.
Concentrations of current-use pesticides have been compared between each of the three
environmental compartments with examination for trends based on physiochemical characteristics,
including acid dissociation constants and octanol-water partitioning coefficients. Furthermore,
correlations have also been examined between sampling sites of varying land use intensity and with
extensive biological data to assess toxicological impacts on the aquatic ecosystem.
Keywords: Current-use pesticides, Stream waters, Streambed sediments, Periphyton biofilms,
Agricultural intensification, Chemical analysis

5

Pharmaceutical Exposure Risk Assessment in the Black Sea: A Review of the Norman
Data
(Section 1-A-4)
1
1
Priyam Saxena , Rashmi Hazarika , Om Prakash Yadav1, Atanu Sarkar1,*, Gopal Achari2, Jaroslav
Slobodnik3
1. Faculty of Medicine, Memorial University, St. John’s, NL, Canada, A1B 3V6
2. Department of Civil Engineering, The University of Calgary
3. Environmental Institute, Kos, Slovakia
* Corresponding Author: Atanu.Sarkar@med.mun.ca, Tel:(709)864-4920
ABSTRACT
Active pharmaceutical ingredients (APIs), also called contaminants of emerging concern (CECs),
are continuously dispersed into the environment through the manufacture, use, and disposal of these
drugs. The presence of pharmaceuticals in surface water is a problem because of their toxicological
consequences on eco health. In recent years, a variety of anthropogenic factors are contributing to
drastic changes in the quality of water, sediment discharge, hydrology, and morphology of the river
Danube, affecting species diversity in the river, and potentially impacting the Black Sea where it
drains into.
Twelve pharmaceutical compounds were examined in the surface waters of the Danube River
basin. These included Amoxycillin, Azithromycin, Sulfamethoxazole, Diclofenac, Ibuprofen, 17ethynylestradiol, 17 estradiol, Estrone, Progesterone, Atenolol, Gemfibrozil and Carbamazepine.
The present analysis uses NORMAN data on (CECs) (Source: NORMAN database) to investigate,
statistical, spatial, and temporal, distribution of CECs across the Danube River basin. The
preliminary results based on temporal data indicate a decline in the concentration of certain drugs.
This study is indicative of the fact that with the help of NORMAN database, regulatory actions and
policies could be implemented immediately to safeguard ecological health. In the Canadian context,
St. Lawrence River, which begins at the outflow of Lake Ontario and flows into the Atlantic Ocean,
is considered to be the most polluted river and has the potential to affect the ocean ecosystem.
Therefore, a database like NORMAN should also be publicly available in Canada for regular
monitoring of environmental matrices to aid ecosystem health.
Keywords: Danube River Basin, Contaminants of emerging concerns (CECs), Ecotoxicology, GIS,
Norman, St. Lawrence
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Assessment of Exposure Risk of Persistent Organic Pollutants in the Black Sea: A
Review of the Norman Data
(Section 1-A-5)
1
1
Rashmi Hazarika , Priyam Saxena , Om Prakash Yadav1, Atanu Sarkar1*, Gopal Achari2, and
Jaroslav Slobodnik3
1. Faculty of Medicine, Memorial University, St. John’s, NL Canada, A1B 3V6
2. Department of Civil Engineering, The University of Calgary
3. Environmental Institute, Kos, Slovakia
* Corresponding Author: Atanu.Sarkar@med.mun.ca, Tel: (709)864-4920
ABSTRACT
POPs (persistent organic pollutants) are toxic chemicals that harm human health and the
environment all over the world. A variety of point and non-point sources discharge persistent organic
pollutants into rivers, disrupting ecosystem function and posing a health risk to the entire ecosystem.
In recent years, a variety of anthropogenic factors have contributed to drastic changes in the river
Danube's water quality, sediment discharge, hydrology, and morphology, affecting species diversity
and potentially impacting the Black Sea into which it drains.
Bisphenol A, perfluorooctanoic acid, perfluorohexanoic acid, and perfluorononanoic acid
levels were observed in the surface water of the Danube River basin. The current study makes use
of NORMAN data on (CECs) (Source: NORMAN database) to investigate the statistical, geospatial,
and temporal distribution of the aforementioned POPs across the Danube River basin. Based on the
study's findings, health and environmental risks associated with CECs in the Danube River, as well
as the potential risk of contamination of the Black Sea ecosystem, could be assessed. Although this
research is still in its early stages, preliminary findings indicate a decrease in the concentration of
POPs in the Danube's surface water. This study demonstrates that, with the help of the NORMAN
database, regulatory actions and policies can be implemented effectively to protect environmental
health. In the Canadian context, the St. Lawrence River is home to a complex ecosystem of lakes
and freshwater reaches, as well as a long estuary and a gulf with a diverse range of flora and fauna.
It is known to be heavily polluted with various types of Persistent Organic Pollutants (POPs) from
anthropogenic activities in the United States and Canada, which has the potential to harm the aquatic
ecosystem. Therefore, the overarching focus of this research is to investigate and emphasize the
need for and significance of establishing a similar monitoring database like NORMAN in Canada
to aid in the regular monitoring of environmental matrices and research on ecosystem health.
Keywords: Danube River Basin, Pops, Contaminants of Emerging Concerns (CECs),
Ecotoxicology, GIS, Norman, St. Lawrence
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The Influence of Heavy Metal Mediated Co-Selection of Antimicrobial Resistance
Development in Drinking Water Distribution Systems
(Section 1-B-1)
1
Leah Vignale , Yves Filion1,*, and Pascale Champagne1,*
1. Department of Civil Engineering, University Avenue, Queen’s University, Kingston, Canada,
K7L 3N6
* Corresponding Author: yves.filion@queensu.ca and pascale.champagne@cnrc-nrc.gc.ca Tel:
(613)533-2126 x32126,
ABSTRACT
Classic methods of drinking water treatment are unable to remove the broad range of contaminants
present in the intake water. This leads to sub-inhibitory concentrations of contaminants entering the
drinking water distribution system (DWDS). Of primary concern over the last few decades has been
the emerging dominance of antibiotics, which have led to the observation of antimicrobial resistant
genes (ARGs) and antimicrobial resistant bacteria (ARB) within finished drinking water. These
ARG and ARB pose an acute threat to public health if they slough from the pipe wall and are
consumed at the tap. Sloughing events can occur during periods of negative system pressure, like in
dead-end sections or during periods of maintenance. Additionally, periods of negative pressure are
thought to be the predominant source of bacterial contamination, where ingress of biologically
active water enters the DWDS through cracks in the pipe walls. The development and dissemination
of antimicrobial resistance (AMR) is influenced by a range of factors including pH, temperature,
pipe material, nutrient availability, and the presence of other contaminants. Sub-inhibitory
concentrations of heavy metals also enter the DWDS and have been shown to influence the
development of AMR through the process of co-selection; a concomitant evolution that selects for
ARGs and metal resistant genes (MRGs), even when only exposed to a single stressor, such as the
presence of heavy metals. Current bench-scale apparatuses and research limited to single-species
biofilms are two major constraints on the study of heavy metal mediated co-selection for AMR in
DWDSs. The purpose of this work is to implement a novel bench-scale biofilm reactor and study
heterogeneous biofilms native to drinking water. Observing the accumulation of heavy metals within
biofilms of the novel bench-scale reactor represents the co-selection process establishment: active
heavy metal stress at sub-inhibitory levels within the drinking water biofilm environment.
Keywords: Drinking water, Antimicrobial resistance, Heavy-metals
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Integrated Operation for Multipurpose Reservoirs System
(Section 1-B-2)
1, *
Quan V Dau , Thu T Nguyen2, and Adebayo J Adeloye3
1. University of Prince Edward Island, 550 University Ave, Charlottetown, Canada, C1A 4P3
2. University of Bordeaux, Nouvelle-Aquitaine, Bordeaux, France, 33405
3. Heriot-Watt University, Campus The Avenue, Edinburgh, United Kingdom, EH14 4AS
* Corresponding Author: vdau@upei.ca, Tel: +1 (902)314-9390
ABSTRACT
This study aims to explore the potential performance benefits of the integrated operation of multiple
reservoir systems. For this, the Pong and Bhakra reservoirs in the Indus Basin of northern India
which provide irrigation, hydropower, and flood control for Punjab, Haryana, and Rajasthan states
were used as case studies. The total demand from both reservoirs was allocated to each reservoir
using the space rule. Using a genetic algorithm, zone-based optimized rule curves were developed
for the reservoirs based on the multi-purpose benefits of irrigation, hydropower generation, and
flood control. The results showed that integrated operation would improve time-and volume-based
reliability of each reservoir. However, the most significant impact found was that vulnerability
reduced from 40% to 23% at Pong while in Bhakra vulnerability reduced from 58% to 55%. These
present major reductions when compared to individual operations. Also, as expected, flood control
was substantially enhanced during the flood season. Evidence from the flood freeboards suggests
that reservoir levels were reduced by -12 m at Bhakra and -3 m at Pong – all of which are beneficial
for the safety of the reservoirs and their watershed areas. Based on the findings, it is surmised that
integrated operation could provide more synergistic gains with the reservoir system than standalone
operations. These results can potentially serve as tools for designing adaptive mechanisms for water
security challenges during climate change.
Keywords: Reservoir, Integrated operation, GA, Space rule, Optimization, Multipurpose reservoirs
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One Water Approach: Possibilities and Limitations within the Canadian Urban Water
Policy Contexts
(Section 1-B-3)
Suad Kamla1 and Gail Krantzberg1, *
1. W. Booth School of Engineering Practice and Technology, McMaster University, 1280 Main St
W, Hamilton, ON, Canada, L8S 4L8
*Corresponding Author: krantz@mcmaster.ca Tel: 1 (905) 525-9140
ABSTRACT
Responding to emerging issues and climate change implications, Canadian urban cities are
transitioning away from the current, fragmented nature of the urban water system and its linear
model (take-use-dispose) toward a holistic and integrated system known as the “One Water
Approach”. It treats the urban water cycles as valuable resources and manages them as assets with
multi-benefits while its principles promote equity, protecting nature, and the city's capital.
This research provided a deep understanding of the possibilities and limitations of the One Water
approach with respect to current and future Canadian urban water policy theory and practices. Also,
the research examined the correlation between the One Water approach and other environmental
policy tools such as nature-based solutions, circular economy, and water pricing. This research may
inform the thinking behind Canada's policy orientation toward a nationalized conceptual framework
for Canada’s commitments to end the water crises within indigenous communities and tackle climate
change.
The findings emphasized that the new paradigm is full of possibilities for its flexibility to be
implemented at different scales, in different settings, and for different purposes. Its principals
promise to integration of natural capital and engagement with communities and Aboriginal peoples
to mitigate emerging water issues and build water resilient cities. More optimistically, cities'
progress shows that adapting One Water helps close the social vulnerability gap for those at waterrelated risk and informs equity through collaborations.
This approach also has limitations in its applications and implementation tools within the
current national water policy, regulation, and water institutions' fragmented nature, as it requires
shifting away from widely held cultural "taken-for-granted" beliefs to new thinking around
conservation, reclamation, restoration, and protection. Success requires collaboration with a broader
range of stakeholders, transferring sustainability policy to context through university-city
partnerships, and sharing responsibilities by engaging the public to ensure that new solutions are
accepted and adopted.
Water is gaining attention as a result of cities’ progress in translating its principles into practices.
Further, there are opportunities in emerging environmental and water policies that support decisionmaking to encourage nationwide adaptation of One Water.
Keywords: Urban water, Water management, Infrastructure, Nature based solution, Climate
change, Adaptation.
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Image Translation from Digital to Thermal Domain Using Machine Vision and
Generative Adversarial Networks
(Section 1-B-4)
1
Hassan Afzaal , Aitazaz A. Farooque1,2, *, Xander Wang1, and Farhat Abbas2
1. Faculty of Sustainable Design Engineering, University of Prince Edward Island,
Charlottetown, PE, Canada, C1A 4P3
2. School of Climate Change and Adaptation, University of Prince Edward Island, Charlottetown,
PE, Canada, C1A 4P3
* Corresponding Author: afarooque@upei.ca
ABSTRACT
Image to image translation is a popular domain of image processing and machine vision problems,
where the input image corresponds to the specific output image. In this study, digital photos in the
red-green-blue (RGB) domain captured by unmanned aerial vehicle (UAV) were translated into
thermal images using generative adversarial networks (GAN). A fixed-winged UAV model Ebee-X
(senseFly Inc., Cheseaux-sur-Lausanne Switzerland) equipped with senseFly Duet-T sensor was
used to capture agriculture field images throughout the summer season 2021. Three different GANs
namely Pix2Pix, Pix2PixHD, and CycleGAN were compared for their efficiency of image
translation. More than one thousand pairwise images were used (70% training, 15% validation, and
15% testing) for training and evaluation of GANs. The preliminary results suggested the efficacy of
GAN in this specific image translation task. All GAN models were able to successfully translate
target imagery with minimal generator and discriminator losses. The results of this study will be
very useful for economical agriculture vegetation monitoring as the trained GAN models will be
able to translate simple RGB domain into useful thermal indices maps for growers without using
expensive thermal sensors.
Keywords: Generative adversarial networks, Deep learning, Image to image translation, Pix2Pix,
Cycle GANs
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Cyclic Ion Mobility-Mass Spectrometry: A Novel Platform for the Discovery of
Emerging Per- and Polyfluoroalkyl Substances
(Section 1-B-5)
1
1
Xiaolei Li , Amber Macneil , Roshanak Amiri1, Meera Bissram1, Mahin Hashemihedeshi1, and
Karl Jobst1, *
1. Department of Chemistry, Memorial University of Newfoundland, 45 Arctic Ave., Canada, A1C
5S7
* Corresponding Author: kjobst@mun.ca, Tel: (709)864-8744
ABSTRACT
Per- and polyfluoroalkyl substances (PFASs) have been widely used since the 1940s in industry and
everyday household products. They also persist in the environment and bioaccumulate in humans
and wildlife. Despite these concerns, the identities of most PFASs in environmental and biological
samples are unknown. Cyclic ion mobility (cIMS), hyphenated with either gas or liquid
chromatography, is a two-dimensional separation technique that can resolve molecules that differ
by shape, which can be approximated as a collision cross section (CCS). The cyclic geometry of the
mobility cell enables ions to travel successive passes, increasing their arrival time and relative
separation. In this contribution, we explore the potential for this novel technique to tackle complex
environmental samples and identify unknown persistent organic pollutants (POPs). By modelling
the CCS of approximately 20,000 chemical compounds produced in or imported into Canada, we
show that most POPs are characterized by high molecular density, having a relatively compact CCS
relative to other industrial chemicals of similar mass. When this filter is applied to cIMS data
collected from a set of indoor dust samples, POPs, including per- and polyfluoroalkyl substances
(PFAS) are revealed. Validation of this approach was performed using a standard reference material
(SRM 2585) of indoor dust. We show for the first time that mixed halogenated n-alkanes,
ubiquitously used as lubricants and flame retardants, are contaminants of indoor air.
Keywords: Persistent organic pollutants, Emerging contaminants, Nontargeted screening,
Environmental analytical chemistry, Ion mobility, Mass spectrometry
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Effects of Environmental Protection Policies on Nutrient Export in the Yangtze River
Basin
(Section 1-C-1)
1
2
Jincheng Li , Yan Chen , Christian Folberth3, Tang Ting3, and Yong Liu1*
1. College of Environmental Science and Engineering, Peking University, Beijing, China, 100871
2. United Center for Eco-Environment in Yangtze River Economic Belt, Chinese Academy for
Environmental Planning, Beijing, China, 100012
3. International Institute for Applied Systems Analysis (IIASA), Schlossplatz 1 - A-2361,
Laxenburg, Austria
* Corresponding Author: yongliu@pku.edu.cn, Tel: +86(010)62753184
ABSTRACT
High resolution source data are pivotal for the simulation of nutrient production and fluxes in a
watershed. This study constructed the CEIN (China emission inventory of nutrient) Model
framework based on county data in China. Using the Yangtze River Basin as a case study, this study
calculated the nutrient production and flux at the fine sub-basin resolution (level 8, from
HydroBasin), analyzed the contribution of each source, and evaluated the impact of environmental
protection policies on nutrient flux. The results illustrated that the CEIN Model framework could
accurately calculate nutrient production and flux with R2 greater than 0.8. Compared to the nutrient
production, environmental processes reduced TN and TP by more than 85% and 90% respectively
for nutrient fluxes. The contributions of diffuse sources were much higher than those of point
sources and direct sources. The contribution of cropland and livestock to nutrient production and
flux were largest, while the contribution of freshwater aquaculture and urban non-point source
couldn’t be ignored, especially at the local scale. The effect of increasing livestock manure recycling
rate on nutrient flux was about 100 times that of improving discharge water quality of sewage
treatment facilities. The environmental protection policies of points sources would require
substantial investments for comparatively small gains, which suggests the focus should be put on
non-point sources.
Keywords: Nutrient emission inventory; High resolution; Yangtze River Basin; Environmental
protection policies; Hotspots analysis
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Chirality of Amino Acids Controls Biofilm Formation via the Regulation of Bacterial
Adhesion
(Section 1-C-2)
1
Hongyi Li , Chao Song 1, 2*, and Shuguang Wang 1, 3*
1. Shandong Key Laboratory of Water Pollution Control and Resource Reuse, School of
Environmental Science and Engineering, Shandong University, Qingdao, Shandong, 266237, China
2. Shandong Guoshun Construction Group Co., Ltd, Jinan, Shandong, 250100, China
3. Sino-French Research Institute for Ecology and Environment (ISFREE), School of Environmental
Science and Engineering, Shandong University, Qingdao, Shandong, 266237, China
* Corresponding Author: songchao@sdu.edu.cn
ABSTRACT
Biofilm is the main cause for membrane biofouling and microbial corrosion, and inhibiting bacteria
adhesion is considered as one of the most feasible strategies with high-efficiency for biofilm
reduction. In this study, D-tyrosine was selected to inhibit the adhesion of Escherichia coli, and the
molecular response and metabolic pathways of E. coli were explored with transcriptome analysis.
D-tyrosine inhibited the bacterial adhesion with lower adhesion force, resulting from the changes of
cell surface induced by D-tyrosine. The amounts of extracellular proteins decreased nearly 50% in
the presence of D-tyrosine, leading to less hydrophobicity and less autonomous aggregation of cells.
Furthermore, transcriptome analysis showed that the ability of D-tyrosine to regulate the gene of E.
coli decreased with time. At the initial stage, D-tyrosine could regulate the expression of tryptophan,
curli, peptidoglycan and adhesion-like protein related genes, leading to less extracellular protein,
cell hydrophobicity, cell aggregation and bacterial adhesion on carrier surface. This study
contributes to better understand the roles of D-amino acid in bacterial adhesion and provides a new
strategy for biofilm reduction to mitigate membrane biofouling and microbial corrosion.
Keywords: D-Amino acids; Bacterial adhesion; EPS; Biofilm reduction; Molecular response

14

Investigation and Control of the Combined Toxicity of Residual Quinolone Antibiotics to
Aquatic Organisms
(Section 1-C-3)
1
Zhixing Ren , Yuanyuan Zhao2, and Song Han1, *
1. College of Forestry, Northeast Forestry University, No. 26 Hexing Road, Harbin, China, 150040
2. MOE Key Laboratory of Resources and Environmental Systems Optimization, North China
Electric Power University, Beijing, China, 102206
* Corresponding Author: songh77@126.com, Tel: +86-18182810810
ABSTRACT
This paper focuses on the potential risks to aquatic organisms from the combined toxicity of multiple
quinolones (QNs) remaining in the aquatic environment. The results of the combined toxicity index
method showed that the combined toxicity of residual QNs in the aquatic environment was
synergistic. Results of the full factorial factorization test showed that ciprofloxacin, norfloxacin,
enrofloxacin, lomefloxacin, and their binary combination in the QNs combined toxicity system were
important factors leading to the synergistic toxicity of QNs to algae. Molecular docking confirmed
that the total number of amino acids, the number of important amino acids, and hydrogen bonds
were significantly related to the synergistic effect of combined toxicity. Molecular dynamics
simulations show that the change of acid-base conditions is highly sensitive to the combined toxicity
of QNs algae in the water environment, appropriate adjustment of acid-base conditions can be used
as a means to adjust the combined toxicity of QNs algae in the water environment. Based on the
results of the full factorial factorization test, this study performed molecular dynamics simulations
with the single-order interaction effect significant factor: ciprofloxacin (CIP) as the substrate and
added several other effect significant factors QNs antibiotics (norfloxacin, enrofloxacin,
lomefloxacin) to the reaction system in the form of external conditions. The validation results based
on molecular dynamics simulations were similar to the results of the fractional factorization test,
the addition of binary residual QNs antibiotic factors, including CIP, resulted in higher binding
energies compared to those of single factors, that is, the main effects of QNs molecules contributed
less to the QNs’ algal combined toxicity than their second-order interaction effects. This paper aims
to provide multi-level theoretical support for regulating the combined toxicity of residual QNs
antibiotics to aquatic organisms in the aquatic environment from both mechanistic and control
perspectives.
Keywords: Quinolones, Combined toxicity, Fractional factorization, Molecular docking, Molecular
dynamics
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Forensic Geosciences: Multilocation at the Service of Society
(Section 2-A-1 Keynote)
Olí
via Maria Cordeiro de Oliveira1,*
1. Federal University of Bahia, 40170-110 Salvador, Bahia, Brazil
*Corresponding Author: olivia@ufba.br
ABSTRACT
Geosciences represent a comprehensive concept applied to sciences related to the study of planet
Earth. Professionals in the field have vast knowledge involving numerous disciplines. Forensic
Science is understood as the set of scientific and technical knowledge, used to unravel not only
crimes, but also various legal matters (civil, criminal or administrative). It is considered an
interdisciplinary area because it involves Physics, Chemistry, Biology, among others. Forensic
scientists collect, preserve and analyze scientific evidence during the course of an investigation.
Thus, the Forensic Geosciences constitutes an important scientifically based search and at the
service of society as well as for decision making. Some case studies will be presented, such as: a)
research related to the monitoring of coastal areas in "Todos os Santos Bay" (Baía de Todos os
Santos), Bahia, Brazil, impacted by oil; b) application of analytical techniques aimed at petroleum
geochemistry necessary to identify the type and origin of the oily material collected on beaches in
the Brazilian Northeast, in 2019, characterized as the largest environmental accident in the
country. The development of different biotechnological processes used in the recovery of
contaminated regions will also be addressed. The results reflect studies of more than two decades
of investment in technological research and innovation, developed in the academy.
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Future Temperature Extremes Changes in China under Two Global Warming Targets
Using a Bias-corrected CMIP6 Ensemble
(Section 2-A-2)
Junhong Guo1, *
1. MOE Key Laboratory of Resource and Environmental, System Optimization, College of
Environmental Science and Engineering, North China Electric Power University, Beijing 102206,
China
ABSTRACT
The 2015 Paris Agreement proposed a more ambitious climate change mitigation target on limiting
global warming to 1.5 ℃ instead of 2 ℃ above preindustrial levels. Scientific investigations on
temperature extremes risks associated with these warming targets are necessary to inform climate
policymaking for China. In this study, we evaluate the performance of 12 bias-corrected Coupled
Model Intercomparison Project-6 (CMIP6) models and project the spatio-temporal patterns of
changes in extreme temperature at different global warming levels (1.5 and 2.0 ℃) under two shared
social-economic pathway scenarios (SSP245 and SSP585). For the historical (1995–2014) period,
the-corrected dataset is evaluated against the CN05.1 observation in simulating 12 ETCCDI
temperature indices over China. Results show that the corrected models show obvious smaller biases
than those in raw ones in terms of spatial distribution and inter-annual variation. Using the output,
future spatio-temporal changes of extreme temperature indices are then analyzed for the two SSP
scenarios under 1.5 and 2.0 warming targets in general, all extreme indices show similar changes in
spatial pattern: large changes are projected in the north while small changes are projected in the
south over China. In contrast, the temporal patterns for all indices vary differently over future
periods: the warm indices, such as SU, TR, TX90p and TN90p are likely to increase, while the cold
indices, such as ID, FD, TX10p and TN10p are likely to decrease with time in response to global
warming. Nevertheless, the magnitudes of changes in all indices tend to show larger differences
among models with higher emission scenario and warming target.
Keywords: Warming targets, Temperature extremes, Corrected biases, GCM, China
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Climate Change Impacts on Quantile Trends in Precipitation over China
(Section 2-A-3)
Chen Lu1, *
1. Faculty of Engineering and Applied Science, University of Regina, Regina, Saskatchewan, S4S
0A2, Canada
* Corresponding Author: ChenLu@uregina.ca, Tel: +1(306)216-2520
ABSTRACT
Climate change can lead to variations in not only the mean values of precipitation but also the
properties of its probability distribution. Such variations can affect water quality. For example,
increases in extreme precipitation can cause flooding, which may bring an enhanced amount of
pollutant and sediment into waterbodies. On the other hand, reduced precipitation is closely related
to drought, during which water flow in river channels becomes weakened, leading to a reduction in
dissolved oxygen. To understand the comprehensive influence of climate-change-induced
precipitation variations on water quality, it is desired that such variations at various quantile levels
be first examined. In this study, quantile regression (QR) is undertaken to identify the quantile trends
in precipitation over China. The results show that there are more stations showing statistically
significant trends in winter than in other seasons, especially at quantile levels greater than or equal
to 0.5. For example, there are 109 stations showing increasing trends and 2 stations showing
decreasing trends in wetter-than-normal-month precipitation in winter. The average magnitudes of
trends in summer are larger than those in other seasons. For example, the average magnitudes of
increasing and decreasing trends for extremely-wetter-than-normal-month precipitation in summer
are 23.64 mm/decade (33 stations) and −22.76 mm/decade (16 stations), respectively. Seven spatial
clusters with distinct seasonal quantile trends can be identified. Three of them are located in
southeastern China and are characterized by increasing trends in normal- and wetter-than-normalmonth precipitation in summer and winter, which may imply a degradation of water quality over
this region.
Keywords: Precipitation, Quantile regression, Quantile trend, Spatial clustering
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Machine Learning-Aided Causal Inference Applications in Environmental Engineering
(Section 2-A-4)
1
Qiao Kang , Bing Chen1*, Baiyu Zhang1, and Yuanzhu Chen2
1. Northern Region Persistent Organic Pollution Control (NRPOP) Laboratory,
Faculty of Engineering and Applied Science, Memorial University, St. John's, NL A1B 3X5, Canada
2. The School of Computing, Queen's University, 25 Union St, Kingston, ON K7L 2N8, Canada
* Corresponding Author: bchen@mun.ca, Tel: (709) 864-8958
ABSTRACT
To interpret the complex interactions in the environmental science and engineering field, the
researchers have commonly used statistical approaches and protocols to gain new scientific insights.
However, causality can hardly be identified nor quantified with the classic statistical methods alone,
especially when the observational data is the only available key to the problem. Besides,
misidentifying the correlation-based evidence as causality is quite common, making causal
inference tools more desirable. Thanks to the growing research on causal inference in the statistics
and artificial intelligence field during the past few decades, some effective causal inference
paradigms emerged from a group of attempts to mitigate the challenge. The Structural Causal Model
(SCM) is one of the most established data-driven causal inference methods. Its applications have
been more and more commonly seen in the field of environmental studies. Classic statistical and
machine learning methods can also help extend SCM's adaptability. The paper will provide an
overview of recent causal inference and machine learning applications in the environmental science
and engineering field, covering topics such as environmental health, biotechnology and transport of
emerging pollutants. It will highlight the value of the causal inference methods while showcasing
their extendibility to help to tackle the challenges in a changing environment.
Keywords: Causal inference, Machine learning, COVID-19, Emerging pollutant, Metformin
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Application of Machine Learning Algorithms in Statistical Downscaling and Projecting
the Climate Extremes Across Prince Edward Island, Canada
(Section 2-A-5)
1
Junaid Maqsood , Aitazaz A. Farooque1,2, *, Xander Wang2, and Farhat Abbas2
1. Faculty of Sustainable Design Engineering, University of Prince Edward Island, Charlottetown,
PE, Canada, C1A 4P3
2. School of Climate Change and Adaptation, University of Prince Edward Island, Charlottetown,
PE, Canada, C1A 4P3
* Corresponding Author: Afarooque@upei.ca, Tel: (902)566-6084
ABSTRACT
Precise downscaling of climatic extremes; daily maximum temperature (Tmax), minimum
temperature (Tmin), and precipitation from large-scale data of general circulation models (GCMs)
are valuable for making decisions regarding agriculture and water resources management.
Traditionally, many statistical models have been applied to downscale the GCMs, but recent
advances in machine learning have been less explored than the traditional methods. This study
investigates the performance of the traditionally used statistical downscaling model and three
machine learning algorithms named: random forest, support vector regression, and multilayer
perceptron (MLP) in downscaling the selected climatic extremes for the baseline period (1976-2003)
at eight meteorological stations across the rainfed Prince Edward Island (PEI). The comparison
results revealed that MLP was the best performing algorithm among them and applied to project the
climatic extremes for the future period (2006-2100) under three representative concentration
pathways (RCPs), namely RCP2.6, 4.5, and 8.5. The results of the annual and seasonal, i.e., potato
growing season (May-October), showed that Tmax and Tmin would continually increase in the
future under all the RCPs, with the maximum increment under RCP8.5. The spatial patterns of
average annual precipitation in the growing season showed high, moderate, and low precipitation at
the Island's eastern, central, and western parts for the baseline and future periods. This study will
help the farmers to develop agricultural management practices to mitigate the impact of climate
change on potato production, such as applying supplement irrigation in dry periods to fulfill the
crop water requirement.
Keywords: Climate change, Machine learning, Statistical downscaling, Linear scaling, Agriculture
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Global Peatland's Greenhouse Gas Temperature Dependence Has Significant Spatial
Heterogeneity
(Section 2-A-6)
1
1
Jilin Huang , Qingsong Jiang , Zhichao Li 2, Kaikui Cai 1, Jincheng Li 1, and Yong Liu 1,*
1. College of Environmental Science and Engineering, Peking University, No.5 Yiheyuan Road
Haidian District,Beijing,P.R.China 10087
2. School of International and Public Affairs, Shanghai Jiao Tong University, 1954 Huashan Road,
Xuhui District, Shanghai, China, 200240
* Corresponding Author: yongliu@pku.edu.cn
ABSTRACT
Aquatic ecosystem is a significant part of the global carbon cycle, while the carbon cycle process
of peatland is rarely explored in the literature. Methane emissions from peatlands have been shown
to be more sensitive to temperature than carbon dioxide emissions from peatlands, which may lead
to a greater relative contribution of methane to greenhouse gas emissions in global warming.
However, it is still unclear whether this greater sensitivity occurs in peatlands in different locations
around the world. We used a global database to assess the temperature dependence of methane and
carbon dioxide emissions in different regions. Our results show that the promotion effect of
temperature on peatlands methane emission may not always be stronger than that on carbon dioxide
emission, which depends on its location.
Keywords: Aquatic ecosystem; Peatlands; Global; Methane; Carbon dioxide; Temperature
dependence
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Recent Advances in Modeling of Extreme Rainfall Processes for Climate Change Impact
and Adaptation Studies in Canada
(Section 2-B-1 Keynote)
Van-Thanh-Van Nguyen1, *
1. McGill University, Department of Civil Engineering, Montreal, QC, Canada H3A 0C3
* Corresponding Author: van.tv.nguyen@mcgill.ca, Tel: +1-514-398-6870
ABSTRACT
Information on the variability of extreme rainfall characteristics is essential for planning and design
of various urban infrastructures. Furthermore, climate change has been recognized as having a
profound impact on these extreme events. Hence, there exists an urgent need to assess the possible
impacts of climate change on the extreme rainfalls for improving the design of urban infrastructures
in the context of a changing climate. In current engineering practice, Environment and Climate
Change Canada (ECC) provides the extreme rainfall data and the intensity-duration-frequency (IDF)
relations for approximately 650 stations across the country. Traditionally, these IDF relations were
obtained by fitting the two-parameter Gumbel distribution to the annual maximum (AM) rainfall
data for each rainfall duration independently using the method of moments (MOM). However, it
has been widely known that this Gumbel/MOM traditional approach may not produce accurate
extreme rainfall estimates as compared to those given by, for instance, the Generalized Extreme
Value (GEV)/L-Moment method. Consequently, there are several recently developed estimation
procedures in Canada in an attempt to provide some improvements in the design rainfall estimation.
This study presents therefore a critical review of existing methods as well as a regional comparative
study to identify the best extreme rainfall estimation procedure for Canada. Historical AM data with
at least 50 years of record from 39 stations representing diverse climatic conditions across Canada
were used for this study. It was found that there are three distinct IDF patterns for different regions
of Canada, including convex, linear, and concave patterns. These patterns are linked to the scaleinvariance relationships between the statistical moments of observed rainfall amounts over different
rainfall durations. Consequently, it was found that the estimation method based on the scaleinvariance GEV distribution can provide the best estimates of extreme design rainfalls for Canada
in the context of a changing climate.
Keywords: Extreme rainfalls, Downscaling methods, Frequency analyses, Statistical modeling
methods, Climate change impact and adaptation.
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Utilizing Virtual Reality to Evaluate, Plan and Communicate Coastal Risks under a
Changing Climate: The Case Study of Prince Edward Island, Canada
(Section 2-B-2)
1,*
Adam Fenech , Xander Wang1,, and Aitazaz Farooque1
1. University of Prince Edward Island, 550 University Avenue, Charlottetown, PE, Canada
C1A4P3
* Corresponding Author: afenech@upei.ca, Tel: 902-739-2251

ABSTRACT
Many quantitative risk assessments of coastal threats such as sea-level rise, coastal erosion and
storm surges are difficult to communicate sufficiently to the appropriate coastal authorities,
organizations and communities. A geovisual interface, known as the CoastaL Impacts Visualization
Environment (CLIVE), was developed enabling communities to interactively navigate and view a
3-dimensional (3D) virtual environment of the province of Prince Edward Island constructed from
accurate historical spatial data and recent LiDAR surveys of topography. An emerging approach to
enhancing participation and awareness-building at the local level is the use of 3D landscape
visualization to depict past and future community scenarios. Various forms of imagery including
GIS-based tools, 3D modeling and photo-manipulation have been explored to investigate landscape
change and management including some early research on the potential to visualize climate change
futures. These highlight the potential for visualization to influence individuals’ perceptions of
landscapes, floods, and a changing climate, which in turn may influence cognitive and affective (or
emotive) understanding and influence individual and collective behaviour to respond appropriately
to risks. This presentation will introduce the development of the CLIVE tool – a tool recognized by
a special award from the Massachusetts Institute of Technology (MIT) in communicating coastal
climate science - and its effectiveness in assisting coastal communities for environmental planning
under a changing climate especially at the First Nations community of Lennox Island.
Keywords: Visualization, Climate change, Coastal erosion, Climate impact assessment,
Communication
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Assessing Climate Change Impacts on Prince Edward Island, Canada Potato Yields
Using a Crop Simulation Model
(Section 2-B-3)
Toyin I Adekanmbi1, 2 and Xander I Wang1, 2, *
1. Canadian Center for Climate Change and Adaptation, University of Prince Edward Island, St.
Peters Bay, PE, Canada, C0A 2A0
2. School of Climate Change and Adaptation, University of Prince Edward Island, Charlottetown,
PE, Canada, C1A 4P3
* Corresponding Author: xxwang@upei.ca or xiuquan.wang@gmail.com, Tel: +1 (902) 388-4826

ABSTRACT
One of the biggest challenges of the world in present times is climate change, impacting all sectors
directly or indirectly. According to the published sixth assessment report of the Intergovernmental
Panel on Climate Change (IPCC), each of the last four decades has been successively warmer than
any decade that preceded it thereby causing global climate change. Climate change has impacted
global crop yields and the adaptation strategy of the agricultural systems to the increasing climate
variability is crucial. Considering potato production as a major industry in Prince Edward Island
(PEI), understanding how climate change is and will be affecting the activities in PEI has become
an urgent question for local farmers and decision-makers. This study uses the Decision Support
System for Agrotechnology Transfer (DSSAT) to assess the climate change impacts on potato yields
using soil data, weather data, and management practices data as a function of soil-plant-atmosphere
dynamics. Three key steps are being taken to achieve this objective. First, potato management data
are being collected and inputted to calibrate and validate the DSSAT model, to simulate past and
present yields. Second, future climate scenarios will be generated to simulate future potato yield.
Third, different crop management practices that will increase potato yield will be tested and best
practices for optimal productivity will be recommended. The research is ongoing, and some
preliminary results will be presented.
Keywords: Climate change, DSSAT, Potato yield, Impact assessment, Crop modeling, PEI
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Potential Impacts of Climate Change on Lobster Fisheries in Prince Edward Island
(Section 2-B-4)
Manzura Khan1,2 and Xander Wang1,2,*
1. Canadian Centre for Climate Change and Adaptation, University of Prince Edward Island, St
Peter’s Bay, PE, Canada, C0A 2A0
2. School of Climate Change and Adaptation, University of Prince Edward Island, Charlottetown,
PE, Canada, C1A 4P3
* Corresponding Author: xxwang@upei.ca, Tel: 902-739-2244
ABSTRACT
Lobster fisheries is the third largest industry of the province and contribute significantly to the
economy of Prince Edward Island (PEI). While the lobster catches in Maine is reported to have
decreasing over last few years, it has increased in PEI. American Lobster (Homarus americanus) is
an ectothermic species meaning temperature is a major controlling factor for their growth and
reproduction. Water temperature below 5°C and above 19°C is unfavorable for them. Considering
the current global warming scenario, this report analyzed climate data to find out potential risk of
lobster fisheries in upcoming future.
30 years of daily mean air temperature and sea surface temperature data (SST) were downloaded,
and data quality was assured. The result of annual mean temperature (Tmean) was plotted to graphs
with associated linear trend lines to find how the temperature has increased over time. For the future
climate projection, 30‐year summaries of Tmean for 1981‐2010, 2020s, 2050s and 2080s using the
42 GCMs used in the IPCC AR5 was downloaded. Best four validated models were identified to
project future temperature change.
Based on the available downloaded data, it has been observed that both air and SST of
Charlottetown has increased to 1.7°C and 1.1°C, respectively over last 30 years. The future
projection shows further increase of both air and SST. The total number of days in a year, when
temperature is suitable for lobster (12-19°C) has also decreased and most likely will continue
decreasing. This means, in future, water surrounding Charlottetown area will be warmer and will
not be favorable enough for the growth and reproduction of lobster. Therefore, PEI most likely will
face a significant economic loss because of the reduced catch.
Keywords: Lobster, Climate change, Prince Edward Island
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Global Warming Impact on Ice Concentration in the Charlottetown Harbour
(Section 2-B-5)
Genevieve E. Keefe1 and Xiuquan Wang1,*
1. Canadian Center for Climate Change and Adaptation, University of Prince Edward Island, 550
University Ave, Charlottetown, Prince Edward Island, Canada, C1A 4P3
* Corresponding Author: xxwang@upei.ca, Tel: (902) 739-2244
ABSTRACT
The global temperature has already risen by more than 1 °C above pre-industrial levels and will
continue to rise until at least the mid-century. In Atlantic Canada, global warming threatens to
drastically alter seasonal ice coverage, which typically runs from December until March. An impact
assessment was performed to determine the effect of climate change on ice coverage in the
Charlottetown harbour. Mean daily temperature data from the Charlottetown airport weather station
was used to establish baseline datasets for Tavg, freezing degree days, and daily rate freezing degree
days. Ice concentration data for the same historical period (1981-2010) was accessed via the
Canadian Ice Service Archive and demonstrated good correlation to FDD values (R2 = 0.65). GCMs
from the IPCC’s AR5 were compared with historical observations from NCEP and validated
ensemble projections were used to assemble datasets for the remainder of the 21st century. The three
freezing metrics (FDD, max rFDD, and annual ice index) showed substantial decreases in future
projections. Long-term (2071-2100) values were reduced by 31-41% compared to the baseline data.
Mid-term (2041-2070) and short-term (2011- 2040) metrics saw reductions of 20-27% and 9-12%
respectively. Overall, a significant and steady decrease in ice coverage is expected in the
Charlottetown harbour over the coming 80 years. Reduced ice coverage is likely to cost the area
hundreds of millions of dollars in erosion mitigation and damage. On the contrary, tens of millions
of dollars stand to be gained due to the diminished need for icebreaking services in Atlantic Canada.
Residents of the surrounding areas should be made aware of the risks involved in loss of sea ice, so
that appropriate adaptation strategies can be designed and implemented.
Keywords: Climate change impact assessment, Charlottetown, Sea-ice formation, Icebreaking,
Coastal erosion,
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Climate Change Impacts on Cancer Rates in Canada
(Section 2-C-1)
Vanessa Engelke da Silva1,2, and Xiuquan Wang1,2,*
1. Canadian Centre for Climate Change and Adaptation, University of Prince Edward Island, St.
Peter’s Bay, PE, Canada, C0A 2A0
2. School of Climate Change and Adaptation, University of Prince Edward Island, Charlottetown,
PE, Canada, C1A 4P3
* Corresponding Author: xxwang@upei.ca, Tel: (902) 628-4343
ABSTRACT
Climate change is not only affecting the natural systems through heatwaves, storms, and floods but
also negatively impacting the health of human beings. Many previous health-related studies have
reported that the numerous diseases of human beings could be directly or indirectly linked to climate
change. The data from Statistics Canada show an increase in cancer rates since 1992, which could
be related to the changes in weather conditions. Preliminary research showed that air pollutants and
ultraviolet radiation are risk factors for some cancer types such as lung cancer, skin cancer and
breast cancer. Lung and bronchus cancer is the type of cancer with more cases and the one
responsible for more death in Canada, and it has one of the nominal 5-year survival rates. For the
female gender, skin cancer had the highest growth annual percent change since 1984, and for the
male gender, it is the second one with a rising yearly percent change. This study aims to: 1) identify
all climate indices which are potentially linked to/associated with the increase in cancer occurrence
across Canada; and 2) build a robust model to quantify the relationships between climate change
and cancer rates in order to project the future cancer development under various climate change
scenarios. This study is ongoing research, and some preliminary results regarding the influence of
climate change on common cancers in Canada will be presented.
Keywords: Climate change, Cancer, Air pollutants
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The Sahara Desert’s Variations and Their Uncertainties under Climate Change
(Section 2-C-2)
Chuyin Tian1,* and Xiajing Lin1
1. Faculty of Engineering and Applied Science, University of Regina, Regina, Saskatchewan,
Canada, S4S 0A2
* Corresponding Author: ctm193@uregina.ca, Tel: (306) 591-2118
ABSTRACT
As the largest non-polar desert and dust source, the Sahara Desert’s advance/retreat under climate
change could have profound impacts on the livelihoods, economical development, and social
stability of many countries. In this paper, instead of applying the relatively subjective identification
method for the Sahara Desert, we develop an ensemble Bayesian discriminant analysis approach to
provide an objective basis for determining the definition. With multi-GCM precipitation data, for
the first time, we use the developed approach to reflect and further address the significant
uncertainties in the desert identification, which creates robust long-term projections for the Saharan
responses (advance/retreat). These projections could have general implications for improving
proximal countries’ resilience to climate change. Also, it is of great significance for the impact
analysis regarding windblown dust from the Sahara.
Keywords: Sahara desert, Ensemble, Uncertainty

28

Global Coupled Model Intercomparison Project Phase Six Model-Projected Water
Availability Changes
(Section 2-C-3)
Xinyi Li1 and Zhong Li1,*
1. Department of Civil Engineering, McMaster University, Hamilton, ON L8S 4L7, Canada.
* Corresponding author: Zhong Li (zoeli@mcmaster.ca). Tel.: +1 (905) 5259140.
ABSTRACT
The changes in water resources availability are expected across the globe due to global warming.
The distribution of the changes in water components has vital implications on society and
ecosystems and remains uncertain under climate change. Understanding the projected changes in
hydrological components is important for analyzing the fate and transport of pollution in the
environment. This study analyzed the changes in major water components of the hydrological cycle,
i.e., precipitation (P), runoff (Q), evapotranspiration (E), precipitation minus evapotranspiration (P –
E), and terrestrial water storage (S) using the latest simulations from phase 6 of the Coupled Model
Intercomparison Project (CMIP6). Multi-model ensembles are generated to analyze the annual and
seasonal changes of P, Q, P – E, E and S under different forcing scenarios (SSP1-2.6, SSP2-4.5,
SSP5-8.5) across the 21st century. Inter-model variability and Signal to Noise Ratio are applied to
quantify the uncertainties and the robustness of the projections. Robust increases in water
availability are expected in the northern high latitudes of Eurasia and North America, South Asia
and tropical Africa. Under the SSP5-8.5 scenario, 54% of the global area is expected to have a robust
increase in P, with 31% and 20% in Q and P – E, respectively. The inter-model variability is
relatively large where a greater degree of change from historic conditions is expected to occur such
as tropical regions. As warming scenarios become more aggressive, the magnitude of changes and
the inter-model variability increase over time. Given the wide range of across-model variations,
further downscaling and bias correction are required for appropriate regional adaptation and
mitigation.
Keywords: CMIP6, Climate change, Hydrological components, Multi-Model Ensemble,
Uncertainty
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Hydrological Extreme Projections Under Changing Climatic Conditions – From the
Perspective of the Machine Learning Approach
(Section 2-C-4)
Kailong Li1
1. School of Environment and Sustainability, Department of Civil, Geological and Environmental
Engineering, and Global Institute for Water Security, University of Saskatchewan, Canada
ABSTRACT
Changing climate has led to a considerable increase in the number of record-breaking flood events
over the past decades. Previous assessments of climate change impact on hydrological extremes
have been mostly done by physics-based models. Even though attempts have been made by machine
learning (ML) models over the past decades, simulating hydrological extremes has remained a major
challenge for such models. This study proposed a joint probabilistic rainfall-runoff model (JPRR)
for addressing the high-to-extreme flow projection under changing climatic conditions. With the aid
of paired copula constructions, bootstrap aggregation and multi-model ensemble approaches, the
proposed JPRR is able to effectively characterize the dependence relationships of predictors (i.e.,
precipitation time series with different moving sums) with various probability distributions. JPRR
has been applied to four pristine basins in China, representing different climate zones and landscapes.
The results reveal that JPRR significantly outperforms three well-known ML models (i.e., random
forest, artificial neural networks and long short-term memory) in high-to-extreme flow simulations.
In JPRR, the copulas exhibiting the right tail dependence play a more important role in streamflow
simulations at mountainous basins. Moreover, significant difference in streamflow projections (from
2030 to 2099) derived from JPRR and benchmark models imply that flood risks from conventional
ML models may be underestimated under climate change scenarios. Our results suggest that JPRR
could not only be a valuable complement to the existing ML models, but also be a solid alternative
(or reference) to process-based models, particularly under changing climatic conditions.
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Bayesian Model Averaging of the RCM-based Temperature Projections over Canada
(Section 2-C-5)
Tangnyu Song1,*
1. Faculty of Engineering and Applied Science, University of Regina, 3737 Wascana Parkway,
Regina, Canada, S4S 0A2
* Corresponding Author: song203t@uregina.ca, Tel: (+1)3065960309
ABSTRACT
Significant changes of temperature and its extremes are expected in the future, which have profound
impacts on multiple aspects of natural environment and human society. Therefore, conducting
reliable projections of temperature and its extremes is highly important. However, the uncertainties
from various sources (e.g., physical schemes coupled in the regional climate models (RCMs), the
input general circulation model (GCM) results, and the emission scenarios) coexist in climate
modelling system, which may cause considerable uncertainties in future temperature projections.
The ensemble approaches, which are used to reflect these uncertainties, are proposed to address the
above challenge. In this study, the Bayesian Model Averaging (BMA) method is employed to
generate the probabilistic projections of mean temperature, maximum temperature and minimum
temperature for three future periods (i.e., 2030 ~ 2039, 2060 ~ 2069, and 2090 ~ 2099) under two
emission scenarios (i.e., RCP 4.5 and RCP 8.5). The results demonstrate that relatively larger
temperature increases can be observed in Arctic regions. Then the mixed-level factorial analysis is
proposed to quantify the contributions explained by various uncertainty sources (GCM, physical
scheme, emission scenarios) and their multi-level interactions in temperature projections. The GCM
is found to be the dominant uncertainty source in future temperature projection. Moreover, the
contributions explained by emission scenarios will increase over time.
Keywords: Temperature, RCM-based ensemble, BMA, Canada
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Approaches to Emerging Contaminants of Concern in Small, Rural and Remote
Environment – Environmental Challenges and Nature-Based Solutions under Climate
Change
(Section 3-A-1 Keynote)
Pascale Champagn1,*
1. Energy, Mining and Environment Research Centre, National Research Council Canada
*Corresponding Author: pascale.champagne@nrc-cnrc.gc.ca
ABSTRACT
TBA
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Prediction of Bisphenol A Contamination in Canadian Municipal Wastewater
(Section 3-A-2)
Pengxiao Zhou1 and Zhong Li1,*
1. Department of Civil Engineering, McMaster University, Hamilton, Ontario, Canada, L8S 4L8
* Corresponding Author: zoeli@mcmaster.ca
ABSTRACT
Bisphenol A (BPA) is one of the most common contaminants of emerging concerns (CECs).
Conventional wastewater treatment plants (WWTPs) are considered as the major source of BPA
entering the aqueous environment, which poses a threat to human health. WWTPs are typically
designed for the removal of common organic and bacteriological substances, not emerging
contaminants. To monitor and mitigate the BPA in the aquatic environment, predictions on the fate
of BPA at WWTPs are critical. In this study, three machine learning models, including shared layer
multi-task neural network (MLT-NN), genetic programing (GP), and extra trees (ET) are used to
predict the effluent BPA concentration at twelve municipal WWTPs in Canada. Variable importance
measure (VIM) is used to investigate the influencing factors of effluent BPA concentration at these
WWTPs. Additionally, the network theory is adopted to analyze the dependencies among the
influencing factors. It is found that all the three models can provide fair BPA effluent concentration
predictions. MLT-NN shows an advantage in alleviating the data sparsity problem, and GP can
provide a closed form function for improving model interpretability. The results from both VIM and
closed form function show that BPA influent concentration, season, influent temperature, effluent
temperature, treatment processes, and chemical assist are important factors that could affect the
effluent BPA concentration. Furthermore, the network analysis results imply significant
interdependencies among these features. This study can provide direct and robust decision support
for BPA management as well as future emerging contaminants management in municipal wastewater.
Keywords: Bisphenol A, Contaminants of emerging concerns, Machine learning, Network of
features
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Spatial Distribution of Microplastics in Placentia Bay, Newfoundland
(Section 3-A-3)
Olivia Dillon1*and Passow Uta1
1. Anthropgenic effects on the Oceanography of Newfoundland Laboratory, Ocean Sciences,
Memorial University of Newfoundland. 230 Elizabeth Ave, St. John’s, NL Canada A1C 5S7
*Corresponding Author: Olivia Dillon: oldillon@mun.ca, Tel: 709-743-1531
ABSTRACT:
Microplastics are a growing concern of global significance, as they are becoming present
everywhere, from the remote Antarctic Peninsula to the placentas of unborn babies. It is important
to understand how microplastics are entering our oceans and the effects they are causing on the
marine ecosystem. Within the Placentia Bay research project, we determined the spatial distribution
of microplastic in one of Newfoundland’s most prominent fishing regions, Placentia Bay. Samples
were collected using neuston and plankton net tows at nine open water locations in the Bay. Our
study of microplastics involved preparing our sample using a solution that contained hydrogen
peroxide and acetic acid. By digesting the biogenic organic matter, we were able to isolate
microplastics particles and fibers. Following that, microplastics were collected on a filter, and the
filter was examined under a dissecting microscope where they were counted and classified by size,
shape, and color. Raman microscopy is used on select plastic particles to determine the type.
Preliminary results show that there is a higher concentration of fibers compared to fragments and
microbeads within the water column of Placentia Bay. The abundance, size distribution, shape, and
color of microplastics will also be quantified.
Keywords: Microplastics, Oceanography, Marine biology, Anthropogenic, Newfoundland,
Placentia Bay
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Modelling the Emission and Transport of Emerging Contaminants of Domestic Origin
in the Global River Network
(Section 3-A-4)
1*
Heloisa Ehalt Macedo , Bernhard Lehner1, Jim Nicell2, Usman Khan2, Eili Klein3, and Günther
Grill1

1. Department of Geography, McGill University, Montreal, Quebec, Canada, H3A 0B9
2. Department of Civil Engineering, McGill University, Montreal, Quebec, Canada, H3A 2K7
3. Department of Emergency Medicine, John Hopkins University, Baltimore, Maryland, United
States of America, 21287
* Corresponding Author: heloisa.ehaltmacedo@mail.mcgill.ca, Tel: +1 (514) 291-4611
ABSTRACT
Wastewaters discharged into receiving surface waters following treatment often contain a variety of
substances that have the potential to be harmful to aquatic organisms and the ecosystem in which
they live. Many such contaminants result from domestic activities and can include substances such
as pharmaceuticals and personal care products, various household chemicals, and microplastics
which are sometimes classified as products of emerging concern. In many cases, their concentrations
in wastewaters and in surface water bodies are not monitored, despite concerns that have been raised
in recent years about their long-term effects, even when present at very low concentrations.
In this work, we developed a model to estimate the emission of emerging contaminants of domestic
origin and their subsequent transport in river networks at a high spatial resolution (500 m) and global
scale, enabling first-time estimates of the surface-water concentrations of these compounds for
virtually any river in the world. A key component of this research is the integration of a global
database of 58,502 wastewater treatment plants (WWTPs); which includes sufficient information to
geo-locate point sources and estimate the emission of the contaminant discharges into river networks.
As a first application and evaluation of the model, we used the country-level averages of
consumption of more than 200 different antibiotics for each country in the world to estimate the risk
of the release of antibiotics at a global scale. The predictions of the model can be used to identify
specific areas in the river network where high concentrations (or ‘hot-spots’) will tend to be found,
and consequently, support decision-making on focusing and prioritizing field studies, policy and
management efforts, and the deployment of advanced wastewater treatment technologies.
Keywords: Emerging contaminants, Global, Contaminant fate model, Water quality,
Pharmaceuticals, Antibiotics
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ABSTRACT
The persistence of contaminants of emerging concern (CEC) in drinking water distribution systems
(DWDSs) has been a recent topic gaining attention from public health and municipal management.
A CEC of growing interest is the antibiotic ciprofloxacin, which has been found to persist from
source to tap due to its structural stability and lack of degradation. During its transport through
DWDSs, it is inevitably exposed to biofilms located along the pipe walls. In this study, the
interactions between ciprofloxacin and DWDS biofilms are investigated at the bench-top scale. The
specific objectives of this study were to: 1) develop a bioreactor that mimics premise plumping at
the bench-top scale to develop representative drinking water biofilms; 2) determine the levels of
antibiotics currently found in local surrounding DWDSs; and 3) examine the rate of adsorption and
absorption of ciprofloxacin within a polyvinyl chloride (PVC) piping network containing biofilm.
To achieve these objectives, a bioreactor was designed and built containing approximately 8 meters
of ¾” PVC pipe that circulates water in a closed-loop at a turbulent flow of 3 L/min. The system is
then fed with dechlorinated tap water containing elevated levels of representative microorganisms
that will form biofilms over a 60-day growth period. Once biofilm within the pipes has matured,
ciprofloxacin is administered at ~10 μg/L and monitored until depletion. Solid-phase extraction
(SPE) is performed weekly and analyzed by high-performance liquid chromatography (HPLC) to
determine the rate of depletion. Finally, local levels of antibiotics in DWDSs are determined through
SPE and liquid chromatography-mass spectrometry (LC-MS). Initial tests have shown that there is
no adsorption to the PVC and that the absorption rate is logarithmic. This research will help in
further understanding the interactions of CECs in DWDSs and their associated risks.
Keywords: Ciprofloxacin, Biofilm, Drinking water distribution, Contaminants of emerging concern,
Solid-phase extraction, High-performance liquid chromatography
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Microplastics Serve as a Potential Vector for Naphthalene from the Freshwater System
to the Human Gastrointestinal System
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ABSTRACT
The main concern of microplastics (MP), plastic particles in range of 1nm to < 5 mm, is that they
may act as vectors for transporting chemical contaminants, metals, antibiotics, and microorganisms
from the environment to sensitive receptors such as humans. There is a paucity of information on
the vector effects of MP for toxic persistent organic pollutants (POP) in freshwater systems. In the
present study, three non-biodegradable materials, i.e., medium density polyethylene (MDPE),
polystyrene (PS), and polypropylene (PP), were selected as model MP, and naphthalene, a
carcinogenic polycyclic aromatic hydrocarbon (PAH), as model POP.
In the first step of this study, the sorption behaviour of naphthalene onto MP was investigated with
batch experiments in simulated freshwater. Preliminary results suggest that MP can sorb more than
80% of naphthalene in solution.
In the next step of the study, model MP were subjected to simulated environmental aging and
subsequently the effects of aging as well as the characteristics of the medium, including pH, salinity,
ionic strength, dissolved organic matter, temperature on the affinity of naphthalene to sorb onto MP
were investigated.
MP taken up through incidental ingestion may release sorbed contaminants into gastrointestinal
fluids. Given that MP can sorb naphthalene to various degrees and considering the ever-increasing
presence of MP in freshwater systems, the characterization of bioaccessibility of naphthalene
associated with MP was studied as a model compound. A modified physiologically based extraction
test (PBET), which simulates the digestion of gastric and intestinal phases humans in vitro, was
conducted on the naphthalene-loaded MP to measure the bioaccessible fraction of naphthalene in
each digestive phase. These bioaccessibility measurements may be applied to the estimation of risks
by comparing the bioaccessible dose with toxicity reference value (TRV) or tolerable daily intake
(TDI). The overall bioaccessible doses were deemed to present carcinogenic risks in humans.
Keywords: Microplastics, Bioaccessibility, Sorption behaviour, Naphthalene, Artificial aging, Risk
assessment
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Chemicals of Emerging Arctic Concern as Indicators for Arctic Environmental Change
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ABSTRACT
For several decades now, persistent organic semi-volatile pollutants (POPs) has been investigated
and monitored in Polar environments. The early studies on POPs in the Arctic atmosphere revealed
long-range atmospheric long-range transport (LRAT) as one major transport pathways into the
Arctic. This, in combination with effective bioaccumulation of these lipophilic contaminants
explained for many POPs the very high concentration levels (still) found in Arctic top predators.
Similar processes were later also identified for Antarctic environments, although at considerably
lower exposure levels. High levels of POPs in top predating animals were also of the highest concern
for the health of Arctic indigenous people. Arctic populations were found exposed in several Arctic
regions since they utilize contaminated marine mammal species as their traditional food source
(subsistence hunting). In recent years, highly sensitive trace analytical methods allowed
identification and quantification of a largely increasing number of contaminants of emerging
concern in the Arctic environment (CEAC = contaminants of emerging Arctic concern). The
recently published and updated Arctic Monitoring and Assessment Programme (AMAP) report on
CEACs is an impressive testimony of the wide array of contaminants currently investigated and
monitored in the Arctic Environment. The, thus, initiated research on contaminants of emerging
Arctic pollutants (CEACs, including microplastics = MP) revealed that not only LRTAP is an
important pathway for anthropogenic contaminants into polar environments. Also, potential local
contamination source needs to be considered for a complete regional environmental assessment. A
list of more than 300 CEACs is currently discussed for priority screening in the Arctic. The
comprehensive evaluation of fate and distribution properties for POPs and CEACs in combination
with associated economic and societal factors (community structures, industry development,
tourism, fisheries, geopolitics, etc) allows today a complete evaluation of the pollutant affiliated
ecological and environmental human food print on this region which experiences currently
tremendous environmental change. Furthermore, sources, distribution pathways and transformation
of those substances (POPs and CEACs) are expected to respond directly to environmental changes.
Increased ambient temperatures will increase the transformation rates, loss of sea ice is expected to
result in increased evaporation of POPs from open sea surfaces, change in food web structures will
change the bioaccumulation and magnification profiles for the compounds of interest. These already
observed changes in combination with the long data series gather by AMAP and regional monitoring
programs, both for the abiotic and the biotic environment (Marine and terrestrial), allows today an
in-depth evaluation of consequences for the Arctic environments. Illustrated by several examples,
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the potential of such a comparative approach will be highlighted and discussed. Potential
implications of these complex research and assessment strategies for Polar environmental research,
regional screening, monitoring activities and regulatory strategies not just for the Arctic
environment will be provided. The close interdisciplinary linkage between modern environmental
chemistry, toxicology, fate modelling on the one side and monitoring, environmental assessment
and regulation on the other is considered as mandatory for balanced and sustainable pollution
regulations in the Arctic where currently potential conflict scenarios between environmental
concerns and geopolitical, economic and strategic interests in the region need to be addressed.

39

Bioaccessibility and Environment Fate of a Hydrolytically Degradable Cationic Polymer
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(Section 3-B-2)
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ABSTRACT
A novel hydrolytically degradable flocculant, poly(lactic acid) choline iodide ester
methacrylate (poly(PLA4ChMA)), is effective for the treatment of mature fine tailings (MFT)
because further dewatering occurs as this flocculant undergoes partial hydrolytic degradation.
However, the degradation products of poly(PLA4ChMA) and their environment fate are yet to be
fully characterized. Thus, the goals of the research focus on developing analytical methods toward
evaluating the potential environment and human health risks associated with poly(PLA4ChMA).
This flocculant was subjected to in-vitro tests simulating wastewater and human gastrointestinal
conditions. A physiologically based extraction test (PBET) was modified to estimate the
bioaccessibility of partially degraded poly(PLA4ChMA) and its degradation products (modelled
using lactic acid and choline chloride). Bioaccessibility, a measure of the solubility of an ingested
contaminant (bioaccessible fraction) that may be available for systemic absorption, was quantified
by proton nuclear magnetic resonance (1H - NMR) spectroscopy and by gravimetry. Analyses reveal
that the partially degraded poly(PLA4ChMA) does not degrade further during the PBET and is not
solubilized (i.e., 0% bioaccessibility) in the gastric phase; however, it is fully solubilized (i.e., 100%
bioaccessible) in the intestinal phase. At the end of PBET intestinal digestion, the molar ratio of
lactic acid to choline chloride in the presence of degraded poly(PLA4ChMA) was unchanged at two,
demonstrating that lactic acid and choline chloride are solubilized to the same extents in both gastric
and intestinal solutions. These modified PBET procedures are now being applied to mixtures of
undegraded poly(PLA4ChMA), kaolin (as a model solids for MFT), and contaminants such as
polycyclic aromatic hydrocarbons (PAH). The results will contribute to the assessment of risks from
exposure to poly(PLA4ChMA) as well as to contaminants (e.g., PAH) flocculated by
poly(PLA4ChMA) in tailings ponds and in other wastewater treatment applications, guiding the
selection of appropriate flocculation treatments for environmental remediation.
Keywords: Physiologically based extraction test, Bioaccessibility, Degradable flocculant,
Degradation products, Wastewater, Flocculants
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ABSTRACT
The explosive growth of disposable gloves usage in cities around the world has posed a considerable
risk to municipal solid management and disposal during the COVID-19 pandemic. The lack of the
environmental awareness leads to glove waste being discarded randomly and ending up in the soil
and/or the ocean ecosystem. When exposed to the natural environment, these PPE wastes can
weather and form fragments or even microplastics or nanoplastics. Along with weathering, these
chemical additives can be released into the environment, which not only harms terrestrial and marine
animals, but also ultimately affects humans via the food chain. The physicochemical changes and
environmental behaviors of disposable glove wastes in the aqueous environment were investigated.
The results showed that the physicochemical characteristics of disposable gloves made of different
materials were altered to different degrees by UV weathering. Nitrile gloves were more stable than
latex and vinyl gloves after being exposed to weathering conditions. Analysis of the leachate results
showed that UV weathered gloves released leachable substances, including microparticles, organic
matter, and heavy metals. Latex gloves were more likely to release microparticles and other
substances into the water after UV weathering. The release of microparticles from gloves can also
be impacted by sand abrasion. The appropriate strategy needs to be developed to mitigate the
environmental impact caused by the discarded gloves.
Keywords: Disposable gloves, Microplastics, Chemical pollutants, Physicochemical characteristics
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ABSTRACT
Wastewater treatment plants (WWTPs) are a significant source of pollution by trace organic
contaminants (TrOCs) through the release of effluent into natural water and by biosolid land
spreading. This research assessed the fate and occurrence of TrOCs from a WWTP by a daily
sampling of the influent, effluent and biosolid collected over 20 days. After substrate clean-up,
samples were analyzed with liquid chromatography coupled to a hybrid triple quadrupole/linear ion
trap mass spectrometer. Two analytical approaches were performed; (i) a quantitative analysis of 70
selected TrOCs and (ii) qualitative analysis using information data acquisition (IDA). The
qualitative analysis was processed with a meta-analysis from a library search, including more than
6000 TrOCs spectra. The ecotoxicological risk assessment was evaluated using the toxic unit (TUi).
The quantitative analysis indicates the presence of 8 pharmaceuticals and 4 pesticides.
Acetaminophen and caffeine were the most abundant detected compounds in the influent (≈2000 ng
L-1). No detection was observed in effluent or biosolid samples, suggesting that WWTP showed
high treatment efficiency for these two compounds. Curiously, carbamazepine and carbendazim
showed an atypical behaviour with a higher concentration detected in the effluent (52.5 and 614 ng
L-1) than in the influent (8.52 and 146 ng L-1). Over the 6000 TrOCs evaluated through the IDA
meta-analysis, pharmaceutical compounds were the most detected contaminants in studied matrices.
They revealed the significant contamination of biosolids with more than 90 detected compounds.
Interestingly, both analytical approaches showed a higher concentration of some TrOCs found in
the effluent than influent. Finally, the TUi analysis showed that the ecotoxicological risks associated
with the detected TrOCs were weak to moderate.
The results highlight that WWTP is a complex process that could increase water contamination by
the release of TrOCs, and qualitative approaches should be investigated to access water quality.
Keywords: Contaminant of emerging concern, Wastewater, Targeted analysis, Meta-analysis,
Ecotoxicity
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Impact of 17α-Ethinyl Estradiol (EE2) on the Growth of the Freshwater Microalgae
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(Section 3-B-5)
1
Ana-Gisell Pazmino-Sosa , Gustavo Leite1, Valérie S. Langlois1, and Pascale Champagne 2*
1. Centre Eau Terre Environnement, Institut national de la recherche scientifique (INRS), 490 rue
de la Couronne, Quebec City, Canada, G1H 9K9
2. Centre de recherche énergie, mine et environnement Conseil national de recherches, Canada
* Corresponding Author: pascale.champagne@cnrc-nrc.gc.ca
ABSTRACT
Natural estrogens are a group of hormones derived from cholesterol that regulate physiological
processes, such as the reproductive function in animals. Natural estrogens include estrone (E1), 17ßestradiol (E2), and estriol (E3), while synthetic estrogens, used in birth control formulations, include
17α-ethinyl estradiol (EE2). Wastewater contains EE2 concentrations ranging from below detection
to 7 890 ng L-1, which originates primarily from human excretion. However, numerous studies have
shown the negative impacts of EE2 in aquatic ecosystems, where it can affect the reproduction of
different species.
Microalgae-based wastewater treatment has the potential to remove different compounds from
the environment, including emergent and persistent contaminants. Processes like uptake,
accumulation, sorption and biodegradation may occur. However, the degradation efficiency depends
upon a variety of conditions, such as EE2 concentrations, microalgal species, cultivation media, and
environmental conditions, among others. Moreover, EE2 could be toxic to many microalgal species
involved in wastewater treatment. This project aims to determine the tolerance of microalgae to
different EE2 concentrations for subsequent application in EE2 removal from wastewater. The
freshwater microalgae Scenedesmus obliquus was used with 50, 100, 1,000, and 10,000 µg/L EE2
for seven days, including controls. To monitor growth, optical density at 680 nm and chlorophyll
fluorescence (excitation and emission wavelength, 440 nm and 680 nm, respectively) were used.
Preliminary results showed an exponential algal growth and chlorophyll fluorescence increase after
the first hours of exposure, while after five days, a decrease in both parameters was noted. Moreover,
similar growth curves were observed between the controls and the treatments tested. Therefore, S.
obliquus could potentially be used to treat EE2-contaminated effluents up to 10,000 µg/L EE2
without compromising its growth.
Keywords: Hormones, EE2, Microalgae, Growth, Toxicity, Effects
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ABSTRACT
In recent years we have been bombarded with stories and images of marine life impacted by
macroplastics and microplastics, sea birds starving as their digestive tracts fill with plastic waste,
and beaches covered in plastic debris. In Canada alone we use 57 million single-use plastic straws
every day and up to 15 billion single-use plastic bags each year. Eight million metric tonnes of
plastic enter the earth’s oceans annually and this number will double by 2030. These facts seem
incongruent with the culture of recycling that has been developed and supported in the past two
decades and lead us to question where the system is breaking down. In Prince Edward Island,
recycling has been mandatory for two decades, and yet we have discovered that much of the
collected recyclable material ends up in landfills or being incinerated, with the small percentage
actually recycled being transported out of the province for processing, thus compounding the
negative environmental impacts. As regulations banning single use plastics are introduced,
alternatives such as paper and reusable cloth bags present their own environmental challenges.
This presentation will highlight our planned dual approach to decreasing the environmental impacts
of plastic use by increasing the scope and efficiency of collection and sorting of plastics, and by
developing local recycling capacity and local markets for recycled materials.
Keywords: Plastics, Recycling, Automation, Spectroscopy
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ABSTRACT
Hydrogels are materials that were initially developed for biomedical applications. These materials
are polymeric superabsorbent derived from conventional petroleum sources, hence pose serious
toxicity as well as sustainability of the ecosystem. The evolving technological advancements have
led to the development of versatile and smart biodegradable hydrogels (biohydrogels) using circular
bioeconomy approaches. Biohydrogels can be produced from agricultural wastes which are rich in
cellulose (1), starch and itaconic acid (2), and acrylamide/succinic acid co-polymer (3). Moreover,
unprocessed agricultural waste residues such as seaweed byproducts, hemp fibres and coconut coirs
are also potential superabsorbent biohydrogels which can be utilized as water and nutrient reservoirs
when applied in agricultural fields and horticulture.
One area of research interest is to utilize biohydrogels in the food production applications,
specifically in the aquaponics systems. However, before biohydrogels can be deployed in such
systems, their efficacy, biodegradability and environmental sustainability need to be critically
assessed. Moreover, the solid state of the biohydrogels permits air (essentially oxygen) to penetrate
the substrate, to promote plant root growth. Therefore, it is critical to identify an appropriate type
of biohydrogels such that it provides higher plant yield, yet after its use, it will degrade into sugars,
carbon, and carbon dioxide, allowing for aquaponics to have a minimal impact on the environment,
through waste reduction.
In this regard, using pilot scale aquaponics system, sound experimental studies to assess the
potential for releasing toxic compounds during short and long-term periods were designed and are
on-going. The goal is to develop an effective scheme that utilizes biohydrogels suitable for the slow
release of process water rich in micronutrients, improves crop yield and minimizes solid/ liquid
waste residues in aquaponics systems.
Keywords: Agricultural wastes, Aquaponics systems, Biohydrogels, Circular bioeconomy,
Environmental sustainability
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ABSTRACT
The skyrocketed production, usage, and inappropriate disposal of plastic waste caused significant
environmental concerns. Discarded plastics break down into smaller pieces, called microplastics
(MPs)/nanoplastics (NPs), by multiple natural fragmentation processes, such as weathering,
microbial degradation, etc. The wastewater treatment plants (WWTPs) are recognized as a major
source of MPs/NPs entering the environment. In WWTPs, most MPs/NPs retained by sewage sludge
and inevitably transferred into the anaerobic digestion (AD) process. Reportedly, MPs/NPs could
influence AD performance via different mechanisms such as leaching of toxic compounds, inducing
reactive oxygen species (ROS), and inhibiting activities of critical enzymes associated with
biochemical steps. The thermal hydrolysis process (THP) of sludge has been adopted in many
WWTPs as a pretreatment method for sludge solublization and enhance methane production in AD.
However, there is limited information on how THP can influence the MPs/NPs induced stress during
AD. For the first time, this study explored the effect of THP at 80 and 160ºC on AD of sludge
containing 50–150 µg/L of polystyrene nanoplastics (PsNPs). The results demonstrated that adding
100 and 150 µg/L of PsNPs in AD suppressed (compared to the control) methane production by
17.98 and 29.34%, respectively. Moreover, a 17.18% and 34.84% increase in ROS levels was
observed, respectively. However, THP compensated for these adverse effects and improved methane
production by decreasing ROS levels. Moreover, THP reduced the proliferation of various antibiotic
resistance genes (ARGs), which could be amplified by PsNPs exposure. Thus, THP could also
potentially reduce the ARG transmission potential via land application of digestate. Overall, these
results indicate that THP has a high potential to counteract the negative impact of MPs/NPs on AD
digesters.
Keywords: Sewage sludge, Polystyrene, Nanoplastics, Anaerobic digestion, Thermal hydrolysis
process
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ABSTRACT
Landfill use has been increasing globally since 2002. In Canada and the United States (US)
municipal solid waste landfills are managed locally. Landfills pollutants are associated with adverse
human health outcomes. There is a paucity of studies addressing the shared perspectives on landfills
and their impacts on quality of life and perception on health. This ‘qualitative systematic review’
has provided as thematic analysis of public perceptions stemming from MSW management and
landfilling practices in Canada and the US. An electronic search strategy targeted multidisciplinary
databases containing dissertations, reports, and peer reviewed publications yielding 1,446 studies
screened, from which 30 articles (Canada = 13 U.S=17) were included.
Contamination, health, community, and injustice were the primary identified themes
encompassing public concerns. Participants expressed concern with various forms of contamination
including air, water, and concern towards pests (birds, rodents). Water contamination was the most
prevalent concern expressed by communities. Health concerns were also pervasive, with many
communities noting an increase in cancer and illnesses that they attribute to the landfills.
Additionally there is intense stress and uncertainty in communities regarding long term health
impacts. Communities also experienced erosion of their core values and economic prospects through
intercommunity conflict, stigma, and property values. Sentiment of injustice stemmed from harms
arising from contaminant breaches, inadequate sitting processes led by landfill operators, and
poorly-informed site selection. Members often felt ignored and intimidated by representatives.
Residents hosting landfills have complex experiences and perspectives surrounding landfills
often filled with dread, declining heath, and feelings of hopelessness. Policy should focus on
strengthening and ensuring compliance with community consultation and requiring community
input beyond the initial sitting phase to account for changing concerns over time.
Keywords: Municipal solid waste, Landfill, Public perceptions, Qualitative, POPs
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ABSTRACT
The management and secure disposal of the biosludge generated from widely commercialized
conventional activated sludge (CAS) treatments become a potential environmental issue. Thus, a
sustainable technological upgradation to the CAS for sludge yield minimization has recently been
gained serious attention of the scientific community. A number of recently reported studies
effectively addressed the remedial technological advancements that in monopoly limited to the
municipal wastewater. Moreover, the critical review of the literature signifies side-stream sludge
minimization as a complex task to maintain. In this work, therefore, a hybrid moving bed biofilm
reactor (MBBR) configuration (named as AMOMOX process) for in-situ minimization of the excess
biosludge generated from high organic strength tannery wastewater has been demonstrated. The
AMOMOX configuration involved a combined arrangement of an anoxic MBBR and oxic MBBR
coupled with the aerobic CAS. The AMOMOX system was run in parallel with an identical CAS
reactor. Both system configurations were fed with same influent to judge the real-time operational
changes. For the AMOMOX process, the strict maintenance of operational strategies resulted about
95% removal of NH4-N and SCOD from tannery wastewater. Here, the nourishment of filamentous
microbiota and purposeful promotion of cell-lysis effectively sustained sludge yield (Yobs) lowering
upto 0.51 kgVSS/kgCOD. As a result, the volatile sludge scarcity apparent in the AMOMOX system
succeeded upto 47% reduction of the excess biosludge. The corroborated was further supported by
FE-SEM imaging and thermogravimetric analysis. However, the detection of microbial strains
habitat underlying extended SRT (23-26 days) of the AMOMOX system would be the matter of
further research.
Keywords: Tannery wastewater; Moving bed biofilm reactor; Sludge yield; Sludge minimization
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ABSTRACT
The number of container ship accidents increased significantly over the past decade. These accidents
can contaminate the surrounding marine environment and have even more extensive impacts. Our
research aims to provide a comprehensive review of emerging marine pollution from container ship
accidents, focusing on risk assessments, response strategies, and regulation advancements. Ports,
harbors, piers, anchorages, berths, and high seas were found to be the accident-prone locations. And
accident types were mainly collisions, groundings, and fires. Due to the wide variety of
containerized cargoes, the risk of marine pollution from container ship accidents is rather complex.
The contamination derived from heavy metal, plastic fiber, leaked fuel, and hazardous and noxious
substances (HNS) after accidents can endanger entire marine habitats and pose a threat to human
welfare by continuously accumulating through the food chain. Besides, the risks and pollution
caused by container boxes are often overlooked. There is a basic response process, comprising data
collection, decision-making, emergency response, monitoring, etc., for container ship accidents.
There are currently deficiencies in management regulations for alleviating sunken container
pollution. Improving operating procedures, establishing regional cooperation frameworks,
developing contingency plans and protocols, and raising public awareness can help deal with these
pollution issues.
Keywords: Marine pollution, Container ship accidents, Environmental risk, Response, Regulation
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ABSTRACT
Oil spills may affect the ecosystem and endanger public health. The use of surface washing agents
(SWAs) has been proved to be a suitable alternative to facilitate oil decontamination by influencing
the rheological properties or the interactions at the oil/water interface Some reported SWAs often
consist of surfactants and solvents, which have a toxic effect on organisms and human health. In
addition, oil droplets should be removed from washing effluent in order to minimize the potential
for secondary pollution in freshwater bodies. Therefore, it is of great significance to seek an SWA
with stimuli responsiveness, low toxicity, and high washing performance. In this study, we
developed a novel and dual responsive nanoclay/sodium alginate (NS) washing fluid, and
systematically evaluated its application potential in oiled sand cleanups. The characterization results
demonstrated that sodium alginate combined with nanoclay via hydrogen bonds, and was inserted
into the interlayer spacing of nanoclay. The addition of sodium alginate could reduce the surface
tension, interfacial tension, and increase the viscoelasticity of the washing fluid, respectively. Batch
experiments were conducted to investigate oil removal performance under various environmental
conditions. In addition, the factorial analysis showed that three single factors and two interactive
effects displayed significant effects on the oil removal efficiency of the NS washing fluid. Compared
with the commercial surfactants, the NS composite exhibited satisfied removal efficiencies for
treating oily sand. Notably, the NS washing fluid showcased great responsiveness, generating
transparent supernatants with low oil concentration and turbidity. Our work opens an interesting
avenue for designing green washing fluids with great performance, low environmental impact, and
low cost.
Keywords: Oil spill, Surface washing fluid, Low toxicity, Sand, Stimuli-responsive.
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ABSTRACT
Marine oil spills frequently occur as the result of the ship collisions, equipment corrosion, and
mechanical failure during oil exploitation, transportation, and storage. They bring huge economic
losses and cause detrimental effects on the coastal ecosystem. The response strategies and tactics
usually deployed to treat impacted shorelines include mechanical removal, sediment relocation,
bioremediation, and so on. The use of a surface washing agent is a viable alternative for oil spill
response. However, the concerns about its toxicity should be considered, as this kind of agent is
typically formulated with organic solvents and other additives. The release of the surface washing
agent into the environment may therefore affect the coastal biota. Therefore, it is necessary to
develop an effective, nontoxic, and easily treated washing fluid for shoreline cleanup.
Nanoclays have been used for pollution control, but raw nanoclays may not be able to remove
high levels of pollutants; the modification of such nanoclay can enhance its contaminant removal
efficiency. Therefore, the aim of this study is to develop a green and responsive washing fluid with
nonionic surfactant-modified nanoclay to remove the oil from beaches. The analysis, based on the
increased basal spacing (d001) in XRD, the emergence of new peaks in FTIR, the thermal
degradation of surfactant in TGA, morphology changes in SEM, and varying element weight
percentages in EDX, indicated that the surfactant was successfully loaded onto the nanoclay. The
effectiveness of the washing nanofluid was impacted by the single factors of washing time,
temperature, salinity, pH, and modified nanoclay concentration. Two-level factorial analysis
revealed that salinity was the most significant factor, contributing 68.93% to the response. It also
indicated that the interactions of temperature with salinity and salinity with modified nanoclay
concentration were significant. In particular, the washing effluent was further treated through ionic
strength-responsive separation, which dramatically reduced the turbidity and oil concentration of
supernatant and aggregated the modified nanoclay in the bottom. Overall, the nonionic surfactantmodified nanoclay has great potential in terms of oil cleanup, offering a desirable alternative to the
existing washing agents.
Keywords: Oil spill, Washing fluid, Nonionic surfactant-modified nanoclay, Oil removal,
Responsive separation
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ABSTRACT
Large- scale pipeline and tanker spills have devastating impacts on marine ecosystems and provoke
substantial clean-up costs. Crude oils contain toxic heavy metals, polycyclic hydrocarbons (PAH’s)
among other compounds that create severe threats to aquatic ecosystem health. Oil fingerprinting is
crucial to identifying the source of a spill and assigning liability measures in the event of a spill.
Once oils are released into the environment, they can undergo a variety of weathering processes that
change their composition, including evaporation, biodegradation, and dissolution. Matching a spill
to its potential source can become increasingly difficult as weathering grows more severe and
chemical alterations occur. In this study, a tiered approach of oil fingerprinting was used to identify
oil spill samples with their source oils using GC-FID, GC-MS and multivariate statistics. By
combining traditional forensic oil fingerprinting tools with additional multivariate statistical
approaches, this study served as a proof-of-concept for an innovative and convincing approach to
oil spill forensics.
Keywords: Oil spill fingerprinting; Oil spill forensics; Diagnostic ratios; Gas chromatographyflame ionization detection; Gas chromatography-mass spectrometry
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A Purified Shrimp-Waste-Based Dispersant: Evaluation of the Biodegradability of
Dispersed Oil and Dispersant
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ABSTRACT
Chemical dispersants have been widely applied as effective marine oil-treating agents. However,
the potential adverse environmental impacts of chemical dispersants generated new demand for
cleaner treatments for oil spills. We developed a purified shrimp-waste-based dispersant (SWD) to
disperse oil with lower ecological concerns effectively. In this work, we proved that the SWD could
help to facilitate the biodegradation rate of petroleum hydrocarbons for two crude oils (Alaska North
Slope and Marine Fuel No.6). The biodegradation rates of n-alkanes with the SWD were increased
by 25-37% compared with those without the SWD. Meanwhile, the biodegradation rates of 2-5 ring
polycyclic aromatic hydrocarbons in oil with the SWD were 25-50% faster than those in oil without
the SWD. The results confirmed that the bioavailability of oils treated by the SWD was enhanced.
Moreover, the biodegradability of the SWD itself was analyzed via metagenomic sequencing. The
result indicated that the main components of the SWD could be readily degradable due to the
abundant biodegradation genes found in fresh Atlantic seawater. By integrating oil biodegradation
experiments and metagenomic sequencing, we proved that the SWD was an eco-friendly and
effective dispersant with low environmental concerns for marine oil spill response.
Keywords: Dispersant, Biodegradation, Oil spill, Metagenomic sequencing, Molecular docking.
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ABSTRACT
The treatment of petroleum sludge waste generated from oil and gas industry has received increasing
concerns in recent years due to its hazardous nature. It is a complex emulsion of various petroleum
hydrocarbons (PHCs), water, solid particles, and metals. Given the stringent environmental
regulations, there is a pressing need to develop cost-effective sludge waste treatment methods. In
this work, the main methods used for petroleum sludge waste treament were reviewed, and the
combined processes based on ultrasonic irradiation, ionic liquid enhanced solvent extraction, and
co-pyrolysis were introduced. The oil recovery and metal immobilization effects of the study
processes on petroleum sludge were investigated through a series of laboratory experiments
arranged by using a Taguchi experimental design method, while the impacts of different factors
were evaluated. These include solvent type, solvent to sludge (S/S) ratio, ionic liquid/sludge ratio,
extraction duration, ultrasonic irradiation power, ultrasonic treatment duration, pyrolysis
temperature, reaction time, and biomass waste addition in the feedstock. The chemical speciation
characteristics of heavy metals in sludge after treatment was also examined to evaluate the heavy
metal immobilization effects, and the corresponding ecological risk posed by metals was calculated
through an index-based approach. The results indicated that petroleum sludge treatment using the
proposed combined processes can be completed within a shorter duration under lower
solvent/sludge ratio and lower energy consumption conditions. When compared to crude oil, the
recovered oil had a higher level of F3 fraction and similar calorific value, indicating its usefulness
as a potential energy source and petrochemical feedstock. It was also observed that the co-pyrolysis
of sludge waste with other biomass waste led to increased metal immobilization, and significantly
reduced the risk index (RI) value of the petroleum waste. In summary, the proposed combined
processes through ultrasound, ionic liquid enhanced solvent extraction, and co-pyrolysis could hold
great potential to be used for waste management practices within the oil and gas industry.
Keywords: Ultrasonic irradiation, Solvent extraction, Petroleum sludge, Pyrolysis, Oil recovery
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Artificial Sweetener Acesulfame Removal in a Wastewater Treatment Plant in the Cold
Climate of Western Canada
(Section 6-2)
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ABSTRACT
The commonly used artificial sweetener acesulfame (ACE) is considered non-metabolizable in the
human body, hardly degradable in wastewater treatment plants (WWPTs), and persistent in the
aquatic environment. The increasing global consumption, discharge, and ubiquitous occurrence of
ACE, as well as its gradually revealed potential ecotoxicity, is causing environmental concerns. In
recent years several WWTPs across the world were reported to remove ACE with varying degrees
of efficiency, and this emerging ACE degradation ability was tentatively attributed to temperature
and microorganism evolution in WWTPs, as degradation has been correlated to the local climate of
WWTPs investigated. Most WWTPs with high ACE removal efficiency were in tropic (Singapore)
and subtropic climates (Queensland, Australia and Pearl River Delta, China), or observed during
warm seasons in the temperate regions (summer and autumn in Germany and the eastern USA);
degradation in colder climates is still unknown. This study assessed the change in ACE
concentration in a WWTP in Alberta, Canada, and revealed the ACE degradation ability in WWTP
under semi-monsoonal humid continental climate with extremely variable temperatures. Lab-scale
experiments under different temperatures showed the potential of ACE biodegradation by activated
sludge in optimal conditions. This study primarily provided the information about ACE removal in
WWTP in western Canada, strengthened the previous assumption that ACE biodegradation is
temperature related, as well as giving insight into improving ACE removal in wastewater treatment
processes in cold regions.
Keywords: Artificial sweetener, Acesulfame, Wastewater treatment, Biodegradation, Cold climate,
Emerging contaminant
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ABSTRACT
Contaminated mine water is a major issue that should be managed to reduce toxicity in a costeffective and energy-efficient way. Water reuse and energy recovery can drastically diminish the
water footprint caused by mining activities entailing a better circular economy. Pressure retarded
osmosis (PRO) is a membrane-based technique harnessing the osmotic energy from the salinity
gradient, a promising renewable energy source. This study aims to assess the feasibility of the PRO
technology in producing energy by using different pretreatment methods. For this, two samples of
water were obtained from a gold mining company: sample 1, from the leaching process, and sample
2, from the tailings pond. Firstly, the physicochemical characteristics of these samples, such as color,
pH, turbidity, electrical conductivity (EC), total organic carbon (TOC), nitrate, sulfate, Na, Ca, and
Mg were measured. Apparent and true colors were also measured at 62.51 mg/L PtCO and 19.88
mg/L PtCO, for sample 1, and 23.04 mg/L PtCO and 13.40 mg/L PtCO, for sample 2. The pH,
turbidity, EC, and TOC were measured at 6.95, 4.56 NTU, 80600 µs/cm, and 10.74 mg/L, for sample
1, and 7.56, 0.88 NTU, 6680 µs/cm, and 5.58 mg/L, for sample 2, respectively. Moreover, the
dominant anions in both samples were chloride, nitrate, and sulfate while the dominant cations were
Na, Ca, and Mg. Next, different pretreatment methods were compared by using the filtrate from
each pre-treatment method as the feed solution in the subsequent PRO tests to determine the optimal
one which could produce a stable power density in an economical and efficient way. The results
showed that nanofiltration pre-treatment was important to reduce the propensity for fouling,
conducing to higher water recovery fractions while still maintaining a satisfactory permeate flux. It
also entails producing a stable power density of approximately 15w/m2.
Keywords: Gold mine, Mine water treatment, PRO, Osmotic energy
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ABSTRACT
Frequent oil spill incidents have posed serious threats to the environment. Thus, the development of
oil barriers and adsorbents for oil-water separation has attracted extensive attention, and the
application of biomass is a promising alternative in oil spill cleanup. In this study, low-cost and
reusable flax fibers modified with nanoparticles were fabricated. The flax fibers were coated with
ZnO nanoparticles and hexadecyltrimethoxysilane, thus they had the property of switchable
wettability. The modified flax fibers were hydrophobic/underwater oleophilic and could be changed
to be hydrophilic/underwater oleophobic through UV irradiation. The developed flax fibers were
used for multiple oil-water separations, including immiscible oil-water mixture and oil-water
emulsion.
Keywords: Flax fiber, Switchable wettability, Nanoparticles, Oil-water separation
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ABSTRACT
Dr. Storesund will present an overview of challenges and opportunities associated with forward
looking environmental risk assessments in the face of climate change. Traditional risk analyses
currently rely heavily on statistical data, but these historic data are likely not representative of
future conditions in the face of climate change. Synthetic probabilistic data sets can be generated,
but they rely on subjective assumptions. Dr. Storesund will show how fundamental assumptions
and uncertainties can be leveraged as resources to drive risk-reduction programs and investments
relative to climate change.
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ABSTRACT
In this paper, we analyze the persistence and stationarity of carbon intensity data in 176 countries
and 44 regions over the period 1990-2014, using subsampling confidence intervals. We use the
subsampling approach, which is a statistical technique that requires few assumptions on the nature
of the data and are known to perform well in finite samples. Our analysis suggests a typology of
countries into three classes: the convergent pattern subgroup, the persistent pattern subgroup and
the divergent subgroup. Climate mitigation policy effects in countries with convergent pattern can
only be temporarily effective. On the other hand, climate mitigation policy in countries with
divergent pattern can produce permanent effects. Finally, we use unsupervised learning method to
further understand the factors behind the clustering of countries with convergent pattern and the
ones with divergent patterns.
Keywords: Carbon intensity, Confidence interval, Stationary, Persistence, Subsampling
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ABSTRACT
Climate change affects many individual and organizational outcomes. Yet, research documenting
the link between climate change, organizational actions, and managerial outcomes is rare. As an
interdisciplinary team of scholars in climate change, business and management, we explore the
empirical link between climate change and organizational performance such as the environmental,
social, and governance (ESG) scores of the 500 largest companies listed on the U.S. stock exchanges
(i.e., the Standard and Poor’s (S&P) 500).
We adapt the approach of socioecological psychology (Oishi, 2014) as a viable theoretical
framework for conducting this research. This approach illuminates how social ecologies (natural
and social habitats) and human behavior define each other. Theoretically, this approach prepares us
to theorize and model: (1) how climate change shapes human mind and behavior, and (2) how
climate change is in turn shaped by mind and behavior. At this stage, we propose to test:
•

Climate change-ESG link (i.e., How does climate change affect ESG?). The literature on
corporate environmental behaviors has primarily focused on how firms respond to regulative
(e.g., Ioannou and Serafeim 2018) or normative pressures (e.g., Flammer et al. 2020). Yet,
whether (and how) the natural environment impacts corporate environmental behaviors
remains scant and unknown. We, thus, test the association between climate change (e.g.,
extreme weather, temperature, precipitation) and ESG.

•

Organizational contingencies of the CC-ESG link (i.e., When or under what conditions the
association occurs). We will test whether organizational variables (e.g., industries, size,
reputation, regional regulation) strengthen or weaken the CC-ESG association.

•

Organizational mechanisms underlying the CC-ESG link (i.e., Why does climate change affect
ESG?). Much of the literature has focused on environmental regulations in triggering firms’
differential ESG responses (Delmas et al. 2009). Critically, firms vary in their environmental
response given their different attributes (e.g., Doshi et al. 2013). We, therefore, test whether
organizations’ responses to climate change (e.g., compliance with environmental regulations)
predict ESG.

Keywords: Climate change, Environmental, Social, Governance (ESG) Performance, S&P 500
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ABSTRACT
There is growing interest in the legal field to push boundaries by building court cases that hold
companies or governments liable for climate change impacts. In this context, science content experts
can play a key role in building strong cases, whether as expert witnesses, or in providing data and
supporting analyses. However, there are many obstacles to making science data effective in a legal
setting. For example, science data is not always actionable, and the data alone do not provide critical
evidentiary links between an entity’s action (or inaction) and human harm. Furthermore, there is a
lack of meaningful, impactful, and usable resources for non-scientists (community advocates) to
learn how to convey convincing and useful climate change data to other non-scientists (politicians,
judges).
To this end, I partner with the On-Call Scientist initiative of the American Association for the
Advancement of Science (Scientific Responsibility, Human Rights & Law Program) to help
advocacy groups involved in climate-change-related litigation to make strong cases to demonstrate
climate change impact that is separate from more standard environmental impact assessments.
Through interviews with climate change advocates associated with non-governmental organizations,
we identified that successful interactions with science content experts when there were open dialogs
that addressed not only the data, but also meaningful context for the results. This includes
conversations about science methodologies as well as legal methodologies, so that both sides can
understand the scientific data and the process by which it is used to form legal evidence. To foster
this kind of dialog, we develop online deliverables to help bridge the gap between people who are
building cases related to climate change litigation, and science context experts.
Keywords: Climate change impact assessment, Environmental impact assessment, Human rights,
Science communication
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ABSTRACT
We are undergoing unprecedented planetary health crises caused by the triad of environmental
contamination, climate change, and biodiversity loss. Several international treaties and agreements
address various components of planetary health crises. However, we have made little progress, for
example, banning the production of some hazardous chemicals such as persistent organic
pollutants. It is undeniable that our insatiable desire for materialistic things has plunged our
society into a period of linear “take-make-use-waste” patterns of consumption, and throwaway
culture has become a norm. Still, we have not yet paid adequate attention to rising human
consumption as one of the root causes of the current crisis. Therefore, a simpler, minimalist
lifestyle of consuming as per requirement could act as a catalyst for ongoing efforts to lower
greenhouse gas emissions and individuals’ carbon footprint. However, minimalism is yet to find
space in policy discourse regarding protecting our planet. The presentation will highlight the
current state of consumption behavior and environmental footprint and propose a theoretical
framework of a novel economic model by integrating:
1. Human behavior relating to the economic decision-making processes of individuals and
institutions (behavioral economics) concerning consumption and waste generation as the
prime determinants.
2. Economic systems that fully recycle and recover products and materials leave zero waste
(circular economy).
3. Combining economics and ecology, including values, behaviors, equity, cultural practices,
institutional structures, and societal dynamics (ecological economics).
The economic model needs an interdisciplinary research team to conduct a pilot study for
testing hypotheses.
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ABSTRACT
In 2019, the majority of boil water advisories were issued for small public water supply systems
(<5000 residents), i.e., those serving rural, remote, and Indigenous communities. This highlights
water insecurity concerns in these communities and calls attention to Canada’s performance with
relation to SDG 6.1.
Building on calls by the International Society of Engineers (2020) for changes in project and
engineering management, this research asks, “How does complexity affect the delivery of
sustainable water supply infrastructure projects?” Since water providers in rural, remote, and
Indigenous communities have similar experiences, there is great benefit to exploring this question
from a broader context.
Managing the complexities, uncertainties, hazards, and vulnerabilities that impact the
reliability of water supply infrastructure is one of the greatest challenges facing drinking water
providers. Small utilities are particularly challenged with the management of the multiple risk
factors that threaten the provision of safe and reliable water services. Thus far, explanations for suboptimal infrastructure performance or failure have mainly considered post-construction factors,
while the pre-construction phase remains largely unexplored.
This research addresses this gap by contributing to emergent discourse surrounding the concept
of complexity as a key independent variable impacting on decisions in the practice of managing
projects. Understanding how complexity is addressed in the pre-construction phase could help
improve delivery models for water supply projects, and mitigate poor practice issues that, when
normalized, represent a potential risk for systemic failure.
The overall goal of this research project is to develop a strategy for system change that responds
to the identified need (Fischer et al. 2020) to “adapt dominant institutional models designed around
providing access to infrastructure” towards ones that support sustainable development objectives by
managing uncertainties, vulnerabilities and hazards across the various SDG 6.1 dimensions. Data
are based on desktop research and interviews (ongoing).
Keywords: Drinking water, Sustainable water-supply infrastructure, Complexity, Indigenous, Rural,
Project management
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ABSTRACT
The purpose of this systematic review is to assess the quality of evidence on the environmental and
health impacts of climate change on indigenous peoples in Atlantic Canada over the last 20 years.
Although there is evidence of indigenous peoples' climate change knowledge and adaptation
practices in Canada, the research is of poor quality when it comes to addressing the links and
identifying mediators of climate change's health and environmental impacts for First Nation
communities in specific regions. Current published studies focused on indigenous peoples'
knowledge and perceptions, and the research also highlighted government policy for adaptation
measurements. However, evidence on the environmental and health effects of climate change is
scarce. Hence, this review concentrated on (1) the environmental effects of climate change and (2)
the health consequences of climate change for Atlantic Canada's First Nations communities. To
investigate, a systematic search was conducted, and publications from 2002 to March 2022 were
reviewed in the Web of Science, PubMed, Google Scholar, and Science Direct databases. After
retrieving records in which full papers were assessed and non-English articles were excluded, a total
of 56 articles, including research articles and reviews, were chosen to determine the strength of
evidence. All interventions were assessed using the GRADE approach. The evidence quality ranged
from low to moderate, and the evidentiary foundation for links between climate change and health
effects was generally weak. Future research must address how climate change will affect the land
and people's health and should pay special attention to coastal site prevention as well as the physical
and mental health of indigenous people.
Keywords: Climate change, Indigenous peoples, Health impacts, Environment, Canada.
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ABSTRACT
The dry lowland and mangrove forests of Kutai National Park (KNP) in Indonesia preserve critical
ecosystem services for local human populations (>200,000), provide habitat for thousands of
wildlife species including the critically endangered Northeast Bornean orangutan (Pongo pygmaeus
morio) and serve to capture and store vast quantities of anthropogenic emissions. Past studies have
attempted to track deforestation within KNP using imprecise methods and limited study areas. This
case study uses the cloud-based geospatial processing platform of Google Earth Engine (GEE) to
process historical collections of thermal and spectral satellite imagery to examine the rates, extents,
and causes of forest loss in KNP. Using the Hansen Global Forest Change dataset (2000-2020) and
the FIRMS (Fire Information for Resource Management Systems) dataset (2002-2021) in GEE, we
present annual maps of detected forest loss and fires within KNP and find significant contributions
of both illegal logging and wildfires to deforestation within the Park over the past two decades.
Using the CHIRPS (Climate Hazards InfraRed Precipitation with Stations) Pentad dataset in GEE,
we present (i) seasonal rainfall maps (1997-2021) and (ii) long-term average estimates of monthly
rainfall (1987-2016) over the study area to examine the link between drought severity and wildfire
incidence within KNP. We find that major wildfire events detected within KNP since 1997 coincide
with periods of less than 5 mm/day rainfall (most severe below 2 mm/day), corroborating reports of
rainfall thresholds for this region below which fire incidence spikes. Alone, ongoing deforestation
within KNP heightens the vulnerability of local human and resident wildlife populations; in
combination with regular fire events and a predicted increase in the frequency and severity of
extreme El Niño droughts, it sets the stage for repeated catastrophic wildfires that could lead to the
permanent loss of forest from this region.
Keywords: Deforestation, Wildfire, Drought, Satellite, Kutai national park, Google earth engine
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ABSTRACT
Oil and natural gases are the leading sources of energy worldwide. However, like other processes
and manufacturing industries, oil and gas industries also produce significant amounts of wastewater.
Large-scale production, transportation, use, disposal, and storage of petroleum have turned it into a
prominent contaminant both in prevalence and quantity in the environment. Oily wastewater
generated from marine oil spills is challenging to treat due to the recalcitrant nature of hydrocarbons
and high salinity. Membrane technology has proven to be an effective treatment option for this type
of wastewater and is a good candidate for in-situ treatment of marine oil spills.
A pilot-scale system will employ a range of flow rates with varying initial oil concentrations,
and aeration flow rates to determine the most efficient and effective operational parameters for
saline oily wastewater treatment. The same operational conditions will be implemented when
turning the system to a membrane bioreactor and the results will be compared. It is expected that
the membrane unit can achieve an oil concentration of less than 15ppm in the permeate. Parameters
considered to determine the effectiveness of the membrane system are COD, TPH, and TOG.
If membrane technology is implemented as an on-site treatment, it will promote more rapid
and effectual clean-up operations. It would limit the spread of an oil slick by executing a quicker
clean-up process by reducing the number of trips to shore to empty storage barges. Consequently, it
would also decrease transportation costs for this operation.
Keywords: Membrane bioreactor, Membrane filtration, Activated sludge, Saline oily wastewater,
On-site oil spill treatment
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ABSTRACT
Marine oil spills draw public attention due to negative social, economic, and ecological impacts.
The responses to marine oil spills, especially large-scale spills, are relatively challenging and
inefficient due to changing environmental conditions, limited response resources, various unknown
or uncertain factors and complex resource allocation processes. Improved decisions for spill
responses can effectively reduce harmful impacts of pollutants on the marine environment and
minimize operational time and response time. In this study, a multi-criteria emergency response
system (MC-ERS) was developed with a comprehensive evaluation of response efficiency,
operating cost, and environmental loss. The proposed system integrated dynamic multiple-process
simulations of oil weathering and cleanup and further provided efficient plans of multi-phase
resource allocation through system optimization algorithms. The developed weight-sum model
improved performance of system optimization and response operation by reducing the difficulty of
multiple criteria decision making. A comparative particle swarm optimization (C-PSO) algorithm
was further proposed through a comparison of 12 PSO variants under three algorithm improvement
strategies by 13 benchmarked functions and 16 selected inertia weight strategies. The outperformed
C-PSO algorithm was applied as the system optimization tool for the MC-ERS. A representative
case of marine oil spill emergency response was applied to demonstrate and evaluate the
performance of the developed modeling system. An optimized plan was generated for the optimal
allocation and deployment of response resources from 5 onshore response storages to 2 coastal
emergency response centers for transshipment and further to the spilled site. The planning took a
trade-off of oil recovery, total cost, and ecological loss within the first 5 response days. The
performance evaluation of weighting values was carried out through 66 scenarios of value
combinations. The proposed approach could help fill the provide an efficient support for emergency
response of marine oil spill accidents.
Keywords: Oil spill responses, Multi-criteria decision-making, Emergency response system,
Resource allocation, Particle swarm optimization
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ABSTRACT
Accidental oil spills were a significant concern in oceans, and chemical dispersants were applied as
an efficient oil spill treating agent. Microplastics (MPs) were ubiquitous and found in oilcontaminated seas such as the Persian Gulf. A recent study reported the formation of an emerging
component, MP-oil-dispersant agglomerate (MODA), during the oil dispersion process in the
presence of MPs. Understanding the interaction between MPs and oil dispersion was thus essential.
This study explored the formation mechanism of MODAs and their effects on oil dispersion in the
marine environment. Polyethylene (PE) MPs with four sizes, i.e., 6-8.5 µm, 12 µm, 45 µm, 125 µm,
were applied. A light oil (Newfoundland Offshore) and two heavy oils (Bunker C and Dilbit) were
used. Corexit EC9500A was adopted as the targeted dispersant. The impacts of MODAs on oil
droplet size and dispersion effectiveness under different salinities (10, 20, 34 psu) and mixing
energy levels (1.70×10−2, 6.32×10−2, 5.62×10−1 W/kg) were investigated. The formation
mechanism of MODAs under various MP sizes was revealed. We found that MPs decreased oil
dispersion effectiveness under three mixing energy levels. Pristine MPs posed larger impacts on oil
dispersion effectiveness than aged MPs under different salinities. The 12 µm MPs led to the largest
decline in dispersion effectiveness than 45 µm and 125 µm MPs. The decrease in oil dispersion
effectiveness was caused by the resurfacing and sinking of MODAs. MPs with different sizes led to
the formation of two types of MODAs owing to the surface free energy minimization principle. Two
MODAs had different impacts on oil dispersion effectiveness. Findings from this study would
facilitate the prediction model development during offshore oil spill response operations, especially
dispersant application.
Keywords: Microplastics, Oil spill, Dispersant application, Agglomerate
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ABSTRACT
With the rapid development of the marine oil exploitation and transportation, the risk of marine oil
spill accidents has greatly increased. Spilled oil will not only starve the ocean from oxygen, which
in turn kills marine life, but also destroy the natural environment of rare animals and plants on the
shoreline and the places for human activities. Shoreline oil spill cleanup is the most expensive and
time-consuming part of marine oil spill response. Various physical, chemical and biological
techniques can be used to deal with shoreline oil spills. Surface-washing agents (SWAs) can help
remove oil from shorelines by changing the oil properties or the interfacial properties between the
water/oil phases. In order to improve shoreline cleanup, it is necessary to develop environmentalfriendly and efficient washing method. Due to the small particle size, nanosilica has some
advantages including large specific surface area, strong surface adsorption, large surface energy,
and good dispersibility. In this study, the treatment of oiled shoreline substrates using surfactantnanosilica washing fluid was studied. The effects of surfactant types, surfactant concentrations, and
nanosilica concentrations on oil removal were investigated. The interfacial tension and contact angle
were measured to explore the properties of the oil-water interface and the wettability of oiled sands,
respectively. The combined use of the surfactant and nanosilica could improve the oil removal
efficiency. The findings of this study can be used to develop the applicable washing technique for
shoreline cleanup.
Keywords: Oil spill, Washing fluid, Surfactant, Nanosilica, Oil removal
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ABSTRACT
Transportation of crude oil via pipelines and tankers poses the risk of oil spills that may affect inland
and offshore aquatic environments. In the event of an on spill occurring at water’s surface, several
response options are possible, the choice of which depends on specific circumstances. Oil spill
response options include: mechanical containment and recovery via booming and skimming, in-situ
burning, natural attenuation, and the use of spill-treating agents, such as chemical dispersants. In
Canadian inland waters, where dispersants or in-situ burning cannot be used to treat surface slicks,
oil spill containment and recovery is the preferred response option. As an alternative to mechanical
oil spill containment by booming, spill-treating agents, called “solidifiers” have also been developed,
which when added to spilled oil, change its physical state from a liquid to a cohesive mass that can
be more easily contained and removed from a spill site. CanmetENERGY Devon has recently
developed and tested a suite of new solidifiers, which are based on naturally occurring materials.
Examples of such solidifiers include amylopectin-based copolymers, and amino acid-based, lowmolecular-weight organo-gelators, which have been tested for their ability to solidify both light and
heavy crude oils.
Keywords: Oil spill, Containment, Solidifiers, Spill treating agents, Alternative response measures
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ABSTRACT
An oil spill is a catastrophic event, introducing contaminants into the surrounding environment. One
group of contaminants are the polycyclic aromatic nitrogen heterocycles (PANHs), which are
classified as more toxic to the environment than their parent polycyclic aromatic hydrocarbons
(PAHs). Quantitative analysis of PANHs contributes to determining the source of an oil spill and
leads to in-depth toxicity investigations related to the environmental impact on the affected area.
Currently, there is a paucity of literature regarding PANHs in crude oil. The high cost and small
number of available standards, the lower concentrations of PANHs relative to PAHs, and difficult
separation due to co-elution with PAHs contribute to this lack of information. The aim of the current
study is to confirm the presence and determine the concentration of PANHs and their alkylated
counterparts (APANHs) in un-weathered and weathered oil samples. Analysis will be run on an
Agilent 7250 Gas Chromatography Quadrupole Time-of-Flight Mass Spectrometer (GC-QToF), and
the results will be compared to an Agilent 7890A Gas Chromatography Triple Quadrupole Mass
Spectrometer (GC-MS/MS) based on sensitivity and specificity. Upon developing this method,
further research can determine potential biomarkers for each PANH, allowing development of
quantitative methods for various oil samples. Increasing our knowledge of PANHs will be an
important step to develop new tools for the protection of our environment in the face of oil spills.
Keywords: PANH, GC-QToF, Crude oil
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ABSTRACT
In current oil spill forensics, the most important task is the identification of the source of the release.
The identification of such compounds occurs through analyzing the sample and finding biomarkers.
In studying polycyclic aromatic nitrogen heterocycles (PANH) the identification becomes more
difficult as less biomarkers are known due to their insufficient research. Natural processing such as
weathering can have negative effects on these biomarkers, making the identification process more
difficult. In this study, PANHs were assessed for their potential of providing additional biomarkers.
The aim of this research was to identify stable PANHs and alkylated polycyclic aromatic nitrogen
heterocycles (APANH) biomarkers that were least affected by weathering. Using the high specificity
of GC/MS/MS as well as GC/QTOF this study was successful in identifying many new stable PANH
and APANH biomarkers. Application of these found biomarkers show high potential to improve oil
spill forensics of post spill identification in the future.
Keywords: Oil spill forensics, PANH, Biomarkers, GC/QToF
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ABSTRACT
When an oil spill incident happens, membrane technology can be considered as a potential approach
for the process of on-site oil decanting compared to common decantation processes. Despite the
numerous advantages of this technique, one of the major challenges is membrane fouling.
Membrane fouling refers to the deposition of substances on the membrane surface and within
membrane pores leading to the reduction of system efficiency, membrane permeability, and
membrane lifespan. Membrane fouling analyses have been previously conducted in bench-scale
systems, and a few studies analyzed membrane fouling in pilot-scale membrane filtration systems
to improve the overall efficiency of the filtration process. To fill the knowledge gap in pilot-scale
systems, this study aims to investigate the effect of operating parameters on membrane fouling and
identify significant foulants leading to membrane fouling phenomenon. It is expected that the study
of membrane foulants sheds some light to enhance the application of membrane technology as a
prospective approach for oil spill response operations in Canada.
Keywords: Membrane filtration, Membrane fouling, Oil decanting, Foulants, Oily wastewater
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ABSTRACT
Bioremediation stands out as an integrated technique in respect of plant-microbe interaction that is
applicable for the treatment of toxic hydrocarbons. Plants degrades the organic pollutants by the
proliferation of microbial flora, that leads to enhanced breakdown of organic contaminants in soil.
The present research was designed to examine and investigate the bacterial assisted
phytoremediation as a bio-management tool for Petroleum Hydrocarbon (Crude Oil) contaminated
soil. During the study Helianthus annus was bio-augmented with Pseudomonas aeruginosa and
Micrococcus luteus under different concentrations (25ml/kg, 50ml/kg, 75ml/kg, 100ml/kg,
125ml/kg and 150ml/kg) of crude oil and harvested on termination of experiment after 90 days.
GC–MS was used to analyze and perform the comparative characterization of soil chemical
composition in terms of petroleum hydrocarbon. Data reveals that crude oil compounds including
aromatics, alkanes, cyclo-alkanes which are known for their phytotoxic effects on plants were
degraded by H.annus in consortium with both the bacteria significantly.
Additionally, according to the present results it can be deduced that proliferation of both
Micrococcus and Pseudomonas in H.annus served in effective degradation of complex
hydrocarbons (aromatics, polyaromatics etc.) then bio-augmentation of single bacterial inoculum.
This combination has also enhanced the tolerance in plants by reducing the oxidative stress under
crude oil stress without compromising its physiological characteristics. Hence, augmented
bioremediation tends to be a powerful tool and emerging technology for the reclamation of soil
contaminated with petroleum hydrocarbon (crude oil).
Keywords: Bio-remediation, Petroleum hydrocarbon, Reclamation, Soil contamination, Organic
pollutants, Crude oil
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ABSTRACT
The rapid socio-economic development and improved living standards have increased people’s
awareness about environmental protection and the health of agricultural products. However, the
recently recognized long-term ecological and human health risks of NNIs have highlighted the
potential risks associated with their exposure. Therefore, a comprehensive strategy is urgently
required to solve these issues. In this study, a multi-criteria framework was established to accurately
simulate and regulate the toxicological characteristics of NNIs in or near agricultural planting areas,
based on the improved 3D-QSAR model, molecular docking, and molecular dynamic simulation.
Using NNI homologs (i.e., triflumezopyrim, Tri; sulfoxaflor, Sul) as templates, 12 NNI derivatives
were designed with decreased risks (i.e., integrated risk assessment of ecology and human health,
IRAEH) of 5.24%~48.60%. Tri-04 derivative with lower ecological and human health risks was
screened out using the single risk assessment of pollutants (i.e., mutagenicity, carcinogenicity, skin
sensitization, skin irritation, resistance, and ecotoxicity). Besides, the bindings of Tri and Tri-04
derivative with receptors for ecological and human health risks were simulated in the blank and the
experimental groups. Subsequently, the binding energies were used to represent the impact of
synergist and healthy diet regulation schemes on the inhibition of the resistance and carcinogenic
risks of Tri and Tri-04 derivative. Finally, the best synergist blocking and control scheme (i.e., TPP,
DEM, PBO with a ratio of 1:1:1) for reducing the resistance to non-target organisms and the optimal
diet control scheme for inhibiting the human health risks to the sensitive population near the
agricultural planting area were formulated. Our findings provide a better understanding of NNIs
hazards and their associated exposure risks to the ecosystem. In addition, to facilitating effective
decision-making based on pollutant management, this study may also be an essential step toward
protecting the ecological environment and human health.
Keywords: Improved 3D-QSAR Model, Integration risk, Ecological risk, Human health risk,
Synergist regulation, Healthy diet regulation
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ABSTRACT
The emergence of new COVID-19 cases is typically monitored through COVID-19 clinical test
results from health authorities. Another form of surveillance that can monitor transmission periods
and COVID-19 cases is a wastewater-based surveillance (WBS) system. Since COVID-19 infected
individuals shed viral particles in feces regardless of the severity of symptoms, viral RNA and
fragments can be detected in sewage. The detection time via WBS precedes clinical cases as it is
not reliant on a certain degree of self-reporting. A WBS system is low-cost, comprehensive and an
excellent early warning for COVID-19. The data collected through WBS can then inform local,
provincial, and national policies in public health plans. As of 2021, the province of Newfoundland
and Labrador employed a COVID-19 Wastewater Surveillance Strategy and started collecting
samples to be analyzed. Samples were collected via a passive or autosampler one to two times a
week. The samples are then sent to the Public Health Agency of Canada's National Microbiology
Laboratory for processing and COVID-19 detection. This technique detected at least 173 positives
and 73 trace detections from 452 samples since data collection began in February 2021 from 14
communities. The data helped the province determine pandemic treads four to ten days earlier than
clinical data. The information collected allows the province to decide on increased testing and
restrictions in affected communities. Based on the current provincial WBS, this project aims to
identify a long-term WBS system's challenges, benefits, and sustainability beyond COVID-19. We
would evaluate current WBS technologies via cost-benefit analysis and their applicability to other
diseases in the province.
Keywords: Covid-19, Surveillance, Wastewater, Decision making, Newfoundland and Labrador

76

Quantitative Review Summarizes Effects of Oil Pollution on Arctic and Subarctic
Invertebrates
(Section 10-3)
Verena Kalter1* and Uta Passow1
1. Memorial University of Newfoundland, Dept. of Ocean Sciences, 0 Marine Lab Road, St. John’s,
Canada, A1C5S7
*Corresponding author: vakalter@mun.ca, Tel: +709-685-2001
ABSTRACT
While meta-analyses in the health and some biological sciences are common, there is a lack of such
data for petroleum-related marine research. Oil is a highly complex substance consisting of
thousands of different compounds; measurement limitations, different protocols and a lack of
standards in recording and reporting various elements in laboratory experiments impede attempts to
homogenize data and find trends.
Here we report findings from an effort to quantitatively summarize results from oil-toxicology
studies on Arctic and Subarctic invertebrates. We analyzed endpoint sensitivity across taxa and
found protein levels and enzyme activity to be the most responsive to oil-related stressors. A vast
majority of studies were conducted on crustaceans, followed by molluscs. Our study revealed that
while trends in different responses can be elucidated, heterogeneous experiment protocols and
reporting regimes hinder proper meta-analytic capabilities.
Keywords: Oil pollution, Ecotoxicology, Arctic invertebrates, Review, Quantitative analysis

77

Interactive Toxic Effects of the Coexistence of ZnO NPs and Nanocellulose on
Freshwater Algae
(Section 10-4)
1, *
Jianan Yin , Mengna Li1, and Jing Huang1
1. Environmental Systems Engineering Program, University of Regina, Regina, Saskatchewan,
Canada S4S 0A2
* Corresponding Author: JYB116@uregina.ca, Tel: 3065960704
ABSTRACT
The extensive production of nanocellulose (CNC) inevitably lead to the accumulation of these
nanomaterials in the aquatic environment. However, the effect of nanocellulose on the fate, transport,
and biotoxicity of ZnO NPs (a popular engineered nanomaterial) remains largely unexplored. The
present study investigated the interactions between nanocellulose and ZnO NPs. The addition of
nanocellulose significantly reduced the aggregation of ZnO NPs, thus enhanced its bioavailability
and toxicity to the algae Eremosphaera viridis. The ZnO-CNC association enhanced the
envelopment of the algal cells and exerted strong oxidative stress as compared to bare ZnO NPs.
The excessive ROS generation could result in the breakdown of membrane lipid and disruption of
antioxidant enzyme activity, where the lipid synthesis was inhibited and protein folding might occur.
The presence of CNC also improved the concentration of Zn ions inside the algal cell through
intracellular transportation. This would affect the flow of substances between algae cells and the
environment, and further influence the metabolism of microalgae. These findings will facilitate a
more realistic reflection regarding the environmental risks of NPs to aquatic organisms.
Keywords: Nanocellulose, ZnO NPs, Dispersion effect, Algal toxicity
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ABSTRACT
Microbial electrochemical system (MES) technology has been widely investigated for organic
degradation. However, the removal of recalcitrant organic contaminants remains a great challenge.
By utilizing an anode electrode as an electron acceptor, organic compounds in a wastewater can be
degraded via an oxidative pathway. Some organic contaminants containing halogen-, nitro-, and
azo- groups are resistant to the anodic degradation and may be degraded in a reductive pathway, in
which by utilizing a cathode electrode as an electron donor. Incomplete degradation often occurs
and the residual organics (e.g., phenol and aniline) can still be hazardous and need further treatment.
Therefore, there is a need for exploring a more effective approach to maximize the degradation of
these compounds in an MES. This presentation aims to provide an introduction of MES-based
degradation, explore relevant mechanisms, identify the key challenges, and give perspectives on
future research.
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ABSTRACT
The performance and capacity of a wastewater treatment facility is reliant on the health and activity
of its microbial flora. Climate change modeling predicts an increase in extreme weather events, from
droughts to heavy rain events – both of which can severely impact treatment biology.
Imbalances of digesting bacteria directly impact the efficiency of the treatment process. Despite the
critical nature of the microbial health, this key part of the process is typically controlled through
proxy parameters such as BOD, pH, ammonia, and dissolved oxygen, which are typically tested
only once every 2 or 3 days or are monitored at locations well downstream of the treatment process
to due to instrument limitations.
SENTRY bioelectric sensor uses biofilm as a critical part of the sensing process. This bio-based
sensing technology offers a real-time signal of microbial activity in water. By applying a small
voltage to an electrode covered by a biofilm, a current of electrons resulting from the digestion of
organic compounds in the water is generated. This current is measured as biomass carbon
consumption rate (CCR), which represents an aggregate measure of microbial health in the reactor.
This is novel small-scale microbial fuel cell engineered specifically to offer a reliable and
continuous option for monitoring biological treatment processes.
This presentation explores cases of water/waste-water treatment facilities facing different
issues, and their experience using SENTRY sensors to address those problems. The presentation
will conclude by discussing how this technology can be used to maintain the stability of the
treatment process and save on operational costs despite the challenges posed by influent variability.
Keywords: Biological, Treatment, Optimization, Feed-forward, Microbial, Real-time monitor,
Effluent quality, Aeration
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ABSTRACT
Removing nutrients from wastewater, such as ammonia, phosphate, and sulfate (NH4+, PO43-, SO42-),
has proven to be a difficult task. Several research studies have studied metal and nutrient removal
from wastewater utilizing physical and chemical treatment approaches and synthetic surfactants.
However, there have been few investigations on wastewater treatment using biosurfactants, which
are candidates for improving nutrient removal. Based on their efficiency with Micellar Enhanced
Ultrafiltration, either a microbial-derived biosurfactant (rhamnolipid) or a yeast-derived
biosurfactant (sophorolipid) or both can be employed for this removal process (MEUF). Surfactant
micelles, aggregating surfactant monomers, can bind oppositely charged cations and anions in the
MEUF process. The MEUF technology rejects micelles containing cations and anions with
diameters greater than the ultrafiltration membrane's pore size. In comparison to reverse osmosis
(RO) and nanofiltration, the MEUF process can be used in this suggested study to improve metal
removal efficiency and minimize costs by lowering back pressure compared to a nanofiltration (NF).
The metal cation-containing micelle will be rejected, and the biosurfactant will be recovered from
the retentate. Many parameters such as surface tension, critical micelle concentration (CMC), pH,
and temperature were investigated during the experimentation. The final filtrate's cation and anion
concentrations were used to determine the overall process efficiency. The results show that at higher
temperatures and biosurfactant concentrations, the elimination rate for NH4+, PO43-, and SO42-is
around 80-90%. Phosphate, ammonia, and nitrate removal rates varied from 60 to 70% at lower pH
and initial ionic concentrations, while all other experimental variables were constant. One of the
system's significant drawbacks is the decrease in membrane permeate flux caused by various
experimental phenomena such as membrane fouling. The optimum conditions for effective nutrient
removal have been identified, such as surfactant concentrations more than CMC, pH levels of 6 to
7, and temperatures of 25°C to 30°C, among others. In the future, the results can be utilized to
remove metals and nutrients from eutrophic lakes, wastewater treatment facilities (WWTPs), and
industrial effluents.
Keywords: Micellar enhanced ultrafiltration, Biosurfactants, Sophorolipid, Micelle, Critical
micelle concentration
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ABSTRACT
Increased industrial production and its pressures on the environment, particularly on human health,
encourage companies to develop effective strategies to comply with legislative requirements that
are becoming more stringent and to register their activities in an environmentally responsible release
management approach. The growing demand for water due to wastewater reuse is certainly an
option increasingly favored. The problem of management and treatment of wastewater from
commercial laundries is a matter of concern. This study provides an effective and environmental
friendly solution to the treatment of wastewater from commercial laundries in Quebec, Canada by
employing the use of bioflocculant like extracellular polymeric substance (EPS) extracted from a
biological biochemical fermentation effectively. There has been a comparative investigation
between the conventional chemical coagulation treatment of laundry wastewater (LWW) and its
enhancement by utilizing EPS in the study. The complete treatment process involved the use of three
different types of chemical coagulants (FeSO4, CaCl2, Alum) for coagulation and two different types
of EPS: (Slime EPS (S-EPS) and Broth EPS (B-EPS)) for enhancement in the floc formation. The
best results were given by combining S-EPS with alum.
Keywords: Commercial laundry wastewater, Wastewater treatment, Bioflocculant, Environmental
friendly
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Modelling the Wastewater Treatment Process by Microbial Fuel Cell Using
Mathematical Models and Artificial Neural Networks
(Section 11-A-5)
1
Suhasini Srinivasan , Ademola Adekunle2,, Yvan Gariepy1 and Yvan Gariepy1
1. McGill University, Montreal, H9X3V9
2. National Research Council, 6100 Avenue Royalmount, Montréal, QC, Canada H4P 2R2
ABSTRACT
Microbial Fuel Cells (MFCs) have been recognized as sustainable systems with wide applications
like bioremediation, seawater desalination, biosensors, and wastewater treatment. Modeling of
MFCs provides an insight into understanding the impact of the controllable factors on the voltage
and power density produced by the MFC, which is essential for their control and optimization. Apart
from the existing mathematical models, there have been attempts to model the performance of MFCs
using fuzzy controller PID, multi-genetic programming, Support Vector Machines, and different
kinds of Artificial neural networks. In this study, a couple of models were developed considering
the state of MFC to be either batch or continuous. The models based on batch-fed state established
power density as a second-order function (with R-Squared values varying between 0.87 to 0.99) of
the concentration in the MFC and external resistance at a given temperature. The results indicated
the power density to be maximum (539.60 W/m3, 300.38 W/m3, and 325.64 W/m3) at 900 mg/L
concentration and 330 Ω. The three maximum power density values were achieved at room
temperature (22 ⁰C), 26⁰C and 30⁰C respectively. The models based on continuous-flow MFC
employed Neural Networks (Feed Forward and Recurrent) to predict the voltage, current, and power
density produced by the MFC. The comparison showed the magnitude of errors, measured by Root
Mean Squared Error, to be significantly lower (0.0006 v/s 0.2946) in the case of the model with
Recurrent neural network- Long Short-Term Memory (RNN-LSTM). This research helps derive an
understanding of the controlled input factors on the responses generated by the MFC, thus, opening
a door towards the development of more robust modeling systems for MFCs using RNN-LSTMs.
Keywords: Microbial fuel cells (Mfcs), Feed forward neural networks (Ffnns), Recurrent Neural
Networks- Long Short-Term Memory (RNN-LSTM)
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Implementation of Passive Membrane Filtration for Potable Water Treatment
(Section 11-B-1)
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ABSTRACT
Gravity Driven Membrane Filtration (GDMF) can provide a simple yet effective alternative to
conventional potable water treatment. As with slow sand filters, a microbial community establishes
itself on GDMF systems, which improves treatment efficacy and enables a low but sustained
permeate flux without the need of complex mechanical and chemical equipment that is typical of
conventional membrane filtration systems. Unfortunately, the sustained permeate flux in traditional
GDMF systems is low, limiting the widespread use of this approach. Our recent laboratory and fullscale studies demonstrated that by retaining a few key fouling control measures which can be
achieved passively without mechanical components, hereafter referred to as Passive Gravity Driven
Membrane Filtration (PGDMF), it is possible to significantly increase the permeate flux that can be
sustained within the system.
However, limited information is available regarding the impact of seasonal variations in raw
water characteristics and different operating conditions on the performance of PGDMF. To address
the knowledge gap, the present study monitored the performance of a full-scale PGDMF system
implemented to provide potable water to a small First Nation Community in British Columbia over
a 12+ month period. This full-scale system consists of an intake, 2 parallel PGDMF trains (can also
be operated as traditional GDMF systems) and disinfection for a chlorine residual in the distribution
system. The operational set-points for the passive fouling control measures were selected to assess
different strategies aimed at maximizing the permeate flux (i.e., treated water throughput). The
system performance was studied under raw water variations such as temperature change and fish
spawning event. The study also quantified the extent to which the permeate flux could be increased
by implementing passive fouling control (i.e., compared the performance of PGDMF and traditional
GDMF systems).
Keywords: Water treatment, Potable water, Membrane filtration, Decentralized water systems,
Gravity driven ultrafiltration
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Treatment of Landfill Leachate by Electrocoagulation
(Section 11-B-2)
1
Anusha Atmakuri , Alae Benguit1, RD Tyagi2, *, and Patrick Drogui1
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ABSTRACT
A major challenge faced by mankind in today’s world is treatment of wastewater. This study
investigated the treatment of industrial wastewater (landfill leachate) by electrocoagulation (EC),
with prospects of bio-electrocoagulation in the future.
To optimize the leachate treatment by EC, response surface methodology, was used to create a
statistical framework with the main process variables: current intensity (0.5-2 A), treatment time (210 min) and anode used (Fe/Al). Response variables recorded consisted of energy consumption, %
turbidity removal, % COD and %TSS.
The batch electrocoagulation cell was constructed of Plexiglas with the dimensions of
150mm*120mm*110mm. The distance between the two monopolar Fe and Al electrodes maintained
at 10 mm. The leachate was injected into the water cell and the solution agitated by a magnetic
stirrer at 200 rpm. After 30 minutes settling, the COD and NH3-N, phosphate removal, turbidity and
other parameters of the effluent is to be measured.
The COD measured by the dichromate method, and NH3-N by the Nessler’s reagent
spectrophotometry. The determination of TP was by Ammonium molybdate spectrophotometric
method. Approximately 100 ml of supernatant sample was gathered for analysis and investigation
in replicate.
Preliminary results of the experiments showed Al to be better suited for the removal of turbidity
compared to Fe electrode, with Al electrode showing around 79% turbidity removal and Fe a
removal of 70%.
Further experiments combining Extracellular Polymeric Substances (EPSs) and
Electrocoagulation (EC), a bio-electrocoagulation approach is being explored to overcome the
limitations of landfill leachate treatment by EC alone, such as removal of nitrates.
Keywords: Electrocoagulation, Landfill leachate, Treatment, Extracellular polymeric substances,
Wastewater
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Microfluidic-Based Advanced Oxidation Processes for Environmental Application:
State-of-Art, Current Challenges, and Future Trends
(Section 11-B-3)
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ABSTRACT
Advanced oxidation processes (AOPs) are considered effective technologies to trace concentrations
of toxic and/or recalcitrant organic substances from water to acceptable levels. However, their
limited process efficiencies and high energy consumption rates remain the foremost concerns for
extensive applications. Microreactor offers many significant advantages over larger, conventional
reactors; their interior structures exhibit comparatively higher surface area-to-volume ratios, which
reduce reactant diffusion distances, enable faster and more efficient heat and mass transfer, and
better control over process conditions. These advantages can be exploited to significantly enhance
the performance of AOPs commonly used to remove water pollutants. This work provides an indepth discussion of the recent advances in developing and applying microreactors to AOPs for water
and wastewater treatment. The hydrodynamic properties, construction materials, fabrication
techniques, system designs, and process features of AOP-microreactor systems are critically
reviewed. Various AOP-microreactor types, including photocatalytic, electrochemical, Fenton,
ozonation, and plasma-phase processes, are introduced to showcase how microfluidic technology
enhances mass transfer, improves treatment efficiency, and decreases the consumption of energy
and chemicals. Notably, the mass transfer coefficients are at least 1-2 orders of magnitude higher
than conventional reactors. Further, impact factors, kinetic modeling, scale-up strategies, and costreduction of AOP-microreactor systems are also considered to provide research opportunities. While
microfluidic technology remains in an early stage of development, this work offers valuable insight
for future research and development of AOPs in microreactors for environmental purposes.
Keywords: Environmental microfluidics, Hydrodynamics, System design, Microreactor, Advanced
oxidation processes, Water and wastewater treatment

86

The Study of a Pilot-Scale Membrane Filtration System for Treatment of Decanted Oily
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(Section 11-B-4)
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ABSTRACT
In this study, a three-dimensional computational fluid dynamics (CFD) model was used to simulate
the membrane filtration process. Equations of continuity, motion and convection-diffusion-based
solute transport were solved for a pilot-scale membrane filtration system treating oily wastewater.
The set of governing equations was solved using the finite element method by COMSOL 6 software
package. The parameters were evaluated using the experimental data to validate the model. The
model is able to predict the velocity profile inside the membrane tank, shear rate along the
membranes, transmembrane pressure (TMP), and oil concentration profile during the filtration
process. Therefore, this model is a suitable asset to simulate the process of oily wastewater filtration
and understand the hydrodynamic conditions of the system.
Keywords: Oily wastewater, Membrane filtration, Computational fluid dynamic (CFD)
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Sensitivity Analysis of an MFC-Based Biosensor by Feeding Naphthenic Acids
(Section 11-B-5)
Luoyilang Ke1 and Wendy Huang1,*
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* Corresponding Author: Wendy.huang3@ucalgary, Tel: (403) 220-6234
ABSTRACT
During oil sands mining operations, the generation of fluid fine tailings (FFT) and oil sands process
water (OSPW) has brought negative impacts to the surrounding environment, due to the toxic
substances contained in OSPW and FFT. Many methods have been developed to minimize the
toxicity of FFT or OSPW and achieved some extent of success. Meanwhile, in order to ensure
compliance to standards and safeguard environmental and community health, an efficient method
to rapidly evaluate the toxicity of treated OSPW or FFT is essential during the discharge of tailings
ponds. Microbial fuel cell (MFC)-based biosensor is one method which been demonstrated as
method to detect and quantify dissolved oxygen, BOD, COD and different organic pollutants in
many studies. In this study, the sensitivity of a MFC-based biosensor is analyzed experimentally by
dosing different concentration of the selected naphthenic acids (NAs), since NAs are the major
contributor to the toxicity in OSPW and FFT. The electric current and response time are measured
at different concentration in the experiment. The inhibition ratio calculated from recorded current
can evaluate the performance of the MFC sensor where inhibition ratio =

∆𝐼
𝐼

∗

100%, 𝑤ℎ𝑒𝑟𝑒 𝐼 𝑖𝑠 𝑡ℎ𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡, ∆𝐼 𝑖𝑠 𝑡ℎ𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑐ℎ𝑎𝑛𝑔𝑒. The main purpose of this study is to
determine the minimum concentration of contaminants that trigger obvious current change, the
amplitude of current signal at different concentrations, and evaluate the response time. Subsequently,
the capability of MFC-based biosensor to detect NAs will be assessed according to experimental
results. Based on the assessments, further improvement of intensity of the current signal may be
conducted by applying some strategies, such as scraping the grown biofilm to increase sensitivity
or use of different microorganisms.
Keywords: MFC-based biosensor, Sensitivity, Oil sands tailings
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ABSTRACT
Fungal laccases have shown promising potential for wastewater decontamination. However, the use
of free laccases has very little industrial prospects due to the limiting features associated with them
such as wash out or lack of stability, resulting in an overall uneconomic process. Hospitals are a hot
spot for their contribution to the increase of the contamination load to the municipal wastewater
system. In many industrialized countries, hospital effluents are assimilated to municipal wastewaters
and most of the contaminants they contain have no regulatory status. The presence of such
contaminants in waterbodies can be problematic to the aquatic organisms and humans, even at low
concentrations.
In this study, laccase from Trametes hirsuta was covalently immobilized on silica microspheres
for hospital wastewater treatment. Five parameters at three levels each, i.e., enzyme load, pH,
temperature, contact time, and cross-linker concentration were considered for the optimization of
the experiments. Glutaraldehyde (GLA) and glyoxal (GLX) were used as cross-linkers. The
immobilization was designed using the Box-Behnken experiment design and the parameter
optimization was done using Response Surface Methodology (RSM). Statistical treatments were
performed by variance analysis (ANOVA), with F-test using Design Expert Statistical Software.
The levels of significance were expressed as a P-value <0.05.
Three responses were analyzed, i.e., stability against municipal wastewater, activity recovery
and specific activity of the formed catalysts. All the catalysts showed activity conservation > 90 %
over an incubation period of 24 h. The GLA and GLX-bound laccase showed higher pH and thermal
stability, and against methanol, acetone, NaN3, EDTA, and ZnCl2 than the free laccase.
Considering GLA-bound laccase, among the 100 predicted parameter combinations by the
desirability function, new catalysts were produced and their specific activity, activity recovery and
stability against municipal wastewater were confirmed in validation assays. Batch treatments were
performed with the optimal catalyst for the removal of trace organic contaminants from hospital
effluents. The removal of the molecules was assessed using a non-target UPLC/MS analysis.
Keywords: Laccase, Silica microspheres, Trace organic contaminants, Hospital wastewater,
Uplc/Ms, Trametes hirsuta
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Turning Carbon Dioxide into Useful Chemicals
(Section 12-A-1 Keynote)
Ying Zheng1
1. Department of Chemical and Biochemical Engineering, Western University,1151 Richmond
Street, London, ON, Canada N6A 3K7
*Corresponding Author: ying.zheng@uwo.ca
ABSTRACT
Carbon dioxide (CO2) is a greenhouse gas, mainly caused by the excessive burning of fossil fuels.
This increase in CO2 generation at a fast rate probably introduces an irreversible change to the
world’s climate. The first recognition of the negative impact of CO2 can be traced back to 1870s,
when European scientists reported that carbonic acid, a by-product of rapidly expanded
industrialization, contributed to acid rain and artificial warming. However, the utilization of CO2 as
a carbon source is challenging due to the high thermal and chemical stability of CO2 molecules and
its high endothermicity of cleavage of its C-O bond. There are many different methodologies have
been studied in conversion of CO2 to chemicals including photocatalysis, electrochemical
approaches. Non-thermal plasma, NTP (or sometime referred to as cold plasma), contains electrons,
neutrals, electronically and vibrationally excited species, ions, radicals, and atoms. The collision of
these charged species with chemicals can catalyze the reactions such as bond dissociation or
formation to take place at low temperatures and milder conditions than currently commercialized
chemical processes. However, the final resulted chemicals are complex, and the selectivity is low.
This work aims to introduce catalysts to the NTP system to promote the selectivity of desired
product(s). The rationale of catalyst design, selection of reaction condition and reactor design will
be investigated. One example, conversion of CO2 to ethanol, will be demonstrated in the
presentation.
Keywords: Carbon dioxide, Catalysis, Thermal, Cold plasma
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Potential of Emission Reduction and Air Quality Improvement from Urban
Transportation: A Case of COVID-19 Pandemic in Canada
(Section 12-A-2)
1
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ABSTRACT
This study provides an assessment into the air pollutant emissions from urban transportation of
representative Canadian cities impacted by the pandemic. The CO2 emissions will be evaluated
based on the consumption of urban transportation fuel. In combination with satellite observation,
the changes in urban congestion level and air pollutant concentrations before and after the outbreak
of this pandemic will be investigated. Since December 2019, the domestic consumption of motor
gasoline has been continued downward. In May 2020, it fell 49.8% while the consumption of diesel
fuel oil was down 28.4% compared with 2019. The average levels of atmospheric NO2 in these
major Canadian cities and their surrounding areas have plummeted during this pandemic compared
to a year ago. The Air Quality Health Index and concentration level of NO2 and CO had strong
relevance with the COVID-19 period while SO2 did not show significant relation. According to the
image binarization from satellite observation, with the start of the first-stage reopening in Toronto,
the areas above different NO2 threshold concentrations rapidly expanded in May 2020 due to
increasing travel and retaliatory consumption behaviors. This also indicates that emissions from
urban vehicles account for a large proportion air pollutant emission in urban areas. The
comprehensive analysis of changing fuel consumptions, traffic volume and emission levels will help
the government assess the impact and make corresponding strategy for such a pandemic in the future.
Keywords: COVID-19 pandemic; Urban transportation; Urban air quality; Fuel consumption;
Satellite observation, Traffic volume

91

Quantification of Greenhouse Gas Emission from Beef Production in Saskatchewan,
Canada
(Section 12-A-3)
1, *
Zhikun Chen , Chunjiang An1, and Xuelin Tian1
1. Department of Building, Civil and Environmental Engineering, Concordia University, Montreal,
H3G 1M8,
* Corresponding Author: Zhikun.Chen@mail.concordia.ca, Tel: +1 (438)-866-6966
ABSTRACT
The beef cattle production has been considered as one of the largest sources of greenhouse gases
(GHGs) emission. A large amount of GHGs including N2O and CH4 from enteric fermentation and
manure are discharged to atmosphere during beef-production process. In addition, a substantial
amount of GHGs is also emitted from many other related processes such as feed production,
transportation, and energy consumption. In this study, a new framework for the assessment of
reginal GHG emission from cattle production was established. This framework was used for
assessment of GHG emission from the marketed beef cattle of Saskatchewan. The results showed
that the cattle-source GHGs (enteric CH4, manure CH4, and manure N2O emission) accounted for
more than 90% of the total emission from beef cattle production. In addition, the electricity
consumption by cattle housing has accounted for more than half for the energy CO2 emission during
beef cattle production. The sensitivity analysis indicated the main factors affecting the total GHG
emission from beef cattle production system were feedlot manure handling system, cattle diets, and
feed additives. Various mitigation measures such as applying advanced manure handling system,
high-grain diets, and appropriate additives can reduce 10-20% of total GHG emission. In addition,
this study assessed the potential impact of climate change on GHG emissions from beef production
mainly based on the consideration of climatic parameters. However, other results regarding the
impact of changing environment will need to be obtained using improved climate and process
models. Future development of assessment methodology is also required to explore the mechanisms
and interaction between many influencing factors.
Keywords: Beef cattle production; Greenhouse gas; Emission assessment; Sensitivity analysis;
Mitigation measures; Climate change
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A Stepwise-Clustered Precipitation Downscaling Method in the Mediterranean Area
over the 21st Century
(Section 12-A-4)
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ABSTRACT
A stepwise-clustered precipitation downscaling method (SCPD) is proposed to facilitate ensemble
climatic projection in the Mediterranean region over the 21st century. This approach can easily
handle the discrete relationships between predictors and predictand(s) by cutting and merging
multivariate process, resulting in cluster trees(s) for supporting the desired atmospheric factors
downscaling and its related complexities. The method is applied to precipitation projection in the
Mediterranean region over the future 100 years. Precipitation data from reanalysis dataset, remote
sensing dataset, gauge stations, and Global Climate Models are used, and ensemble average
projection results are obtained. The Principal Component Analysis (PCA) are introduced to screen
unrelated factors and reduce complexities. The performance of the SCPD is evaluated R-square. It
can be found that the SCPD can effectively reflect overall trends of precipitation using reanalysis
data, inducing a fairly robust precipitation projection. The future trends in different regions vary
with the original rainfall patterns in the area. Dry places are tended to become comparable drier in
the future, and vice versa. Spatial distribution changes under two SSP scenarios (SSP2-4.5 and
SSP5-8.5) are analyzed as well, showing higher-winter-precipitation in the western coast part.
Finally, teleconnection indices are applied to reveal mechanism of variations in the Mediterranean
region by the empirical orthogonal function (EOF) correlation analysis, demonstrating NINO3.4
and NAO is dominant factors for these precipitation trends among all stations.
Keywords: Statistical downscaling, SCA, Precipitation projection, Teleconnection
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ABSTRACT
Heatwaves have become very common these days in every country worldwide as a predicted
outcome of global warming and consequent climate change. These have been related to the greatest
number of deaths than caused by any other natural hazard. There are number of solutions to reduce
the heat risk by cooling down the surroundings. These solutions traditionally have been artificial,
such as air conditioning, fans, reflective painting etc. However, these solutions cannot be permanent
and give rise to positive feedback into the loop of global warming causes, having a greater carbon
footprint. On the other hand, nature-based solutions (NBS), such as vegetation-or water- based
solutions (green areas, lakes, ponds etc.) are being promoted as cost-effective and sustainable
strategies for cooling the environment and managing the associated risk of heatwaves. Current work
builds evidence of such NBS for extreme temperature risk reduction through temperature
monitoring exercise. Every minute data for air temperature and relative humidity were monitored
in the vicinity of four different land cover types, i.e., grassland, forest, lake, and urban areas during
summer (June-September) of 2021 in Guildford, a representative bucolic town of Surrey county in
southeast England, UK. It was found that trees were the most effective solution in keeping the
surrounding temperature lower than reference temperature measured in open ground or urban built
areas. Lake and grassland followed the sequence in temperature reduction efficiency. This research
will help promote more sustainable way of heat risk reduction and better town or city planning if
the results are combined with spatial mapping of high risk and vulnerable regions for heatwaves.
Keywords: Nature-based solutions, Heatwaves, Risk, Vegetation, Temperature.
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ABSTRACT
Climate change has been attracting significant attention in Canada lately. Demand for extensive
information on how climate has changed historically at the local level is increasing in both public
and private sectors. This study attempts to develop high-resolution maps to observe the climate
variations in recent five decades for precipitation and temperature in Prince Edward Island (PEI), a
Maritime province of Canada. To this end, the data was collated from three different sources:
Environment Canada, Weather Underground, and Community Collaborative Rain, Hail and Snow
Network (CoCoRaHS). However, no data was available for temperature from CoCoRaHS.
Furthermore, daily climate data were processed and converted into monthly temporal resolution.
The one-leave-out method was applied to check the accuracy of the different interpolation methods.
Results show that Inverse Distance Weighted (IDW) was the most appropriate method and therefore,
applied to generate 1-Km by 1-Km high spatial resolution climate maps for precipitation and mean
temperature to investigate the historical variations/trends in climate. In the last few years, the annual
total precipitation has decreased significantly in PEI. Similarly, the average annual temperature has
increased by 2 to 3 ⁰C in the last five decades. Trend analysis for average monthly precipitation for
the growing season shows that the overall precipitation in PEI has decreased by 10 to 20% in the
last five decades. These results depict that due to this significant decrease in precipitation farmers
in PEI who rely on precipitation are unable to fulfill their crop water requirements.
Keywords: Climate change, Interpolation, Precipitation, Temperature, Spatial and temporal
patterns.
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ABSTRACT
Adaptation to coastal flooding and sea level rise through structural measures are often considered
as an effective solution, although long-term benefits of the structural adaptation could be diminished
over time, and the adaptation could turn to maladaptation due to poor maintenance of those
structures. Few literatures have addressed the impacts of such maladaptation practices for coastal
flood management. This study presents the long-term impacts of coastal flood control projects
(polders) in the southwest region of Bangladesh. Coastal polders were built in 1960s-70s,
disconnecting tidal rivers to floodplains. Due to poor maintenance of water flow control structures
and siltation of river channels have led to raising river bed elevation outside the polders than the
floodplain elevation inside the polders. As a result, the changed topography has favored suitable
ground for water logging inside the polders when heavy rainfall occurs. The study employed 114
household questionnaire surveys in 2016 to collect data on socio-economic and ecological impacts
of water logging in two case study villages of Satkhira district, Bangladesh, which experienced
water logging (75% area) since 2000. The findings revealed that around 97% households had their
traditional clay-made houses damaged. Because of decreasing crop production, people have
significantly turned from agriculture (73% households before water logging) to non-agriculture
professions (61% households after water logging). Even, some people were forced to migrate to
neighboring towns. Nearly 32% of households have experienced waterborne diseases. Prolonged
water logging with high salinity has damaged almost 80% timber trees in homestead gardens,
affected the local wildlife, and has facilitated introduction of brackish water aquaculture (Shrimp
farming) in the area. The study also explores that lack of adequate institutional and financial
supports from government as well as conflicts among different stakeholders (e.g., shrimp vs
agriculture farmers) have led to failure of proper management of the polders.
Keywords: Water logging, Sea level rise, Coastal polders, Maladaptation, Climate change impacts
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ABSTRACT
While research into the gulf region lobster populations has been ongoing by many organizations for
many years, the potential climate impacts to lobster populations has only been studied more recently.
Following from recent work by Fisheries and Oceans Canada and other researchers, a climate
change risk assessment of American Lobster in the gulf region is being undertaken to better
understand the risks climate change poses to the lobster fishery for PEI fishers. The major value of
this work is to better understand the rate at which the habitat range shift is occurring so that
conservation, planning, and research activities can be refined in the best interests of the lobster
population for PEI.
Evidence of habitat shifts along the north Atlantic coast have been noted in recent times – while
landings in New York, Connecticut, and Rhode Island dropped by 98%, 97%, and 70% over the last
two decades, landings in Maine have surged by over 200% during that same period. This shift in
lobster range has been attributed to a number of climate-sensitive factors including temperature and
ocean acidification. Projected changes in these climate variables are anticipated to continue to
change the habitat range for American Lobster, and this is of great concern for PEI’s $200 million
lobster industry.
This climate change risk assessment of the lobster population in PEI included workshops with
fishers, scientists, and government, along with an analysis of the most recently available climate
projection data for met-ocean parameters in the region. The results of this work can be incorporated
into future conservation an fisheries planning efforts for the gulf region.
Keywords: Climate change risk, Climate adaptation, Climate change impacts on marine ecosystems
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Assessing Wastewater Flooding Risk for the City of Charlottetown
(Section 12-B-5)
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ABSTRACT
During extreme wet weather events (WWE), the quantity of extraneous flows (EF) to sanitary sewer
systems increased in poorly managed urban stormwater systems. The EF often triggered wastewater
(WW) flooding and compromised the capacity of existing WW systems. The current study assesses
the flow capacity of existing WW collection system in Charlottetown for selected WWE. The study
area is a coastal city experiencing the impacts of climate change and population growth. From 2015
to 2021, the city's population is increased from 36,094 to 40,600 inhabitants, respectively. However,
the existing WW system has not received a proportionate expansion to accommodate additional
capacity during this period. The frequency of sanitary sewer backups and overflows is increased
during the past few years due to the compound effects of climate change and population growth.
The existing pumping stations and treatment plant, SCADA inflows from February 2017-2022 were
analyzed to estimate the sanitary flow patterns and daily base infiltration for selected dry and WWE.
The substantial variations between dry and wet period inflows were noticed, up to four times the
average daily flows during WWE.
The PCSWMM model was developed to assess the capacity of the existing WW collection
system for current and future scenarios. The hydraulic modeling results of the current scenario of
2021 population and observed EF for Sep 2021 extreme WWE indicate flooding and capacity issues
at approximately 28% of the total existing WW network. The model predicted that with the 2040
population and projected RCP 8.5 rain would leave 39% of the total WW network locations under
capacity. This will lead to frequent sewer backups and basement flooding, causing adverse property
and health damages. Improving the city's coverage of the existing stormwater system is highly
recommended to reduce the effects of climate change and EF.
Keywords: Wastewater, Flooding, Extraneous flows, Extreme wet weather events, PCSWMM,
Charlottetown
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Unraveling Chemical Dispersant and Salinity Effects on Crude Oil Biodegradation via a
Structural Causal Model
(Section 13-1)
1
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Yiqi Cao , Qiao Kang , Baiyu Zhang1,*, Zhiwen Zhu1, and Bing Chen1
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ABSTRACT
Despite the extensive investigations on the role of dispersants in oil biodegradation, salinity remains
the missing piece in the complicated dispersed oil biodegradation puzzle. Salinities could exhibit a
rather pronounced variation in the aquatic environment, especially in coastal or estuarine regions.
Besides, in permanently low saline environments like the Baltic Sea (3–9 ppt) and Gulf of Finland
(2–3 ppt), other oil spill responses could hardly be adopted due to the existence of sea ice and the
usage of dispersant is preferred. Comparatively, the hypersaline environments with oil spills, such
as brine pools and salt ponds, necessitate the characterization of the effects of dispersant application
at hyper salinities. Besides, global warming will also affect the water salinity, especially in the Arctic
brine channels.
Here, both experiments and advanced machine learning-aided causal inference analysis were
applied to evaluate the impacts of dispersant application on oil biodegradation in different saline
waters. A halotolerant oil-degrading and biosurfactant-producing Exiguobacterium sp. N4-1P was
selected and characterized within the salinity of 0–70 g/L NaCl. Notably, we found that dispersant
addition could relieve the biodegradation barriers caused by high salinities. A structural causal
model (SCM) to quantitatively estimate the strength of causal links among salinity, dispersant
addition, cell abundance, biosurfactant productivity, and oil biodegradation to navigate the causal
relationships behind the experimental data was built. The estimated causal effects were integrated
into a weighted directed acyclic graph (DAG), which showed that the overall positive impacts of
dispersant addition on oil biodegradation were mainly through the enrichment of cell abundance.
The employed logic will shed light on adopting advanced causal inference tools to unravel the
complicated contaminants’ biodegradation process and elicit further discussion and research on
environmental causal inference.
Keywords: Oil biodegradation, Corexit, Salinity, Causal inference, Machine learning
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The Hydrocarbon-Degrading Potential of a Novel Marine Bacterium, Pseudomonas Sp.
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ABSTRACT
Oil spills as a result of anthropogenic activity pose a direct threat to marine birds, mammals and fish
due to the toxicity of oil and the formation of surface oil slicks. At the microscopic level, there are
complex chemical and biochemical interactions between marine microorganisms and the
compounds found in crude oil. Naturally occurring marine bacteria play a major role in recycling
carbon in the ocean by transforming organic pollutants into less harmful substances, which can be
re-integrated into biogeochemical cycles. Marine bacteria with the ability to degrade oil compounds
in cold environments could have biotechnological applications.
This study aims to assess the oil-degrading potential of a novel marine bacterium,
Pseudomonas sp. Oil-1, isolated from surface waters in Logy Bay, Newfoundland in 2017.
Pseudomonas sp. Oil-1 is a Gram-negative, psychrophilic, halophilic marine bacterium. Whole
genome sequencing of the strain was performed by Genome Quebec using PacBio SMART whole
genome sequencing and the MiSeq Illumina next-generation sequencing platform. Functional
genome analysis was conducted using the Rapid Annotation Subsystem Technology pipeline (RAST)
and NCBI Prokaryotic Genome Annotation Pipeline.
To assess the hydrocarbon-degrading potential of Pseudomonas sp. Oil-1 in a surface-water oil
spill scenario, a six-week incubation experiment was conducted using conventional crude oil treated
with the chemical dispersant Corexit 9500. At sampling timepoints, treatments were destructively
harvested and oil concentration estimated spectrophotometrically and fluorometrically, total
petroleum hydrocarbons (TPH) and polycyclic aromatic hydrocarbons (PAHs), and the C17: pristine
and C18: phytane ratios were analyzed. Bacterial growth was monitored using flow cytometry and
cell counts via plating and microscopy.
By investigating the metabolism of this novel marine bacterium, we hope to gain insight into
the possible biotechnological applications for this strain and its potential uses in oil bioremediation
in cold marine environments.
Keywords: Hydrocarbon-degradation,
Genomics, Chemical dispersant.
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Plastics Biodegradation by Alcanivorax Species in the Marine Environment Under
Various Temperatures
(Section 13-3)
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* Corresponding Author: bzhang@mun.ca, Tel: 709-864-3301
ABSTRACT
At least 14 million tons of plastics end up in the ocean annually. They act as carriers of harmful
pollutants and pose a significant risk to marine ecosystems. The replacement of conventional
plastics with biodegradable plastics has been considered a promising solution. Still, current plastics
biodegradation studies are limited due to the low degradation rate and lack of plastic-degrading
bacteria. In previous studies, we have isolated a psychrotolerant Alcanivorax species from the North
Atlantic Ocean with the potential for degrading plastics. However, the performance and mechanisms
of biodegradation of different types of plastics by Alcanivorax were not comprehensively
investigated. In addition, the global distribution of Alcanivorax species across latitudinal zones hints
the biodegradation process can occur at different temperatures. The impacts of temperature change
on plastic biodegradation thus needs to be evaluated.
In this study, we investigated the biodegradation processes of biodegradable and nonbiodegradable plastic films. The Polylactic acid (PLA) and Polyhydroxybutyrate (PHB) were
selected as biodegradable plastics and Low-density polyethylene (LDPE) and Polyethylene
terephthalate (PET) were selected as non-biodegradable plastics. The plastics films were incubated
in mineral salt media with Alcanivorax species under different temperatures (i.e., 4°C, 15°C, 22°C)
within two months. The degree of biodegradation was assessed by the tools of scanning electron
microscopy, Fourier transform infrared spectroscopy, total protein assay, contact angle analysis.
Further, the toxicological analysis was performed on the biodegradation products in the media. Our
findings would help (i) reveal the capability of Alcanivorax species to degrade various plastics,
including PLA, PHB, LDPE, and PET, (ii) better understand time series of plastics biodegradation
patterns under different temperatures, (iii) and predict the degradation behavior of plastics in the
marine environment as temperature rise due to global warming.
Keywords: Biodegradation, Plastics, Alcanivorax, Temperature
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Spectroscopic Characterization of Weathered Biodegradable Mulches and their
Dissolved Organic Matter Released into Soil-Water Environments
(Section 13-4)
Mengfan Cai1, * and Chunjiang An1
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Canada H3G 1M8
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ABSTRACT
Biodegradable mulches (BMs) are widely used in agroecosystems, and they can be tilled into the
soil as a source of carbon addition, which could mitigate disposal and environmental problems.
However, microplastic (MPs) will increase with the addition of bio-debris into the soil and might
have a more significant negative impact on soil health than non-bio-MPs. This study aims to
investigate the spectroscopic characteristics of weathered BMs and BM-derived dissolved organic
matter (DOM) released into soil-water environments. With the increase of UV aging time, the
mechanical strength of BMs decreased, and their chemical composition changed. After entering
water, the pH of BM-derived DOM decreased while the concentration of dissolved organic carbon
(DOC) increased. Compared to paper mulch, bioplastic mulch contributed greater DOM and
chromophoric dissolved organic matter (CDOM) to the soil-water environment. The results can help
determine the environmental risk and disposal strategy after the use of mulching.
Keywords: Spectroscopic, Biodegradable mulches, Dissolved organic matter, Soil-water
environment
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Non-Equilibrium Carbonate Chemistry: Laboratory Experiments and Environmental
Implications
(Section 13-5)
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ABSTRACT
Carbonate equilibria in water-based environments are important factors that link atmospheric CO2,
carbonic acid and carbonate ions, as well as carbonate mineral solids. These carbon-containing
species are highly studied in environmental science contexts, but their interplay is extremely
complex, particularly since most real-life systems are out-of-equilibrium and cannot be adequately
described by equilibrium balance equations. This means that improving our understanding of
processes such as ocean acidification, water remediation, and atmosphere-water interactions
requires a better understanding of the chemistry of non-equilibrium systems.
To this end, we use a simple model system in a laboratory environment to explore how particulate
carbonate minerals dissolve and recrystallize in water-based suspensions. What makes this a nonequilibrium system is that we use two different carbonate minerals, aragonite and calcite, both of
which can be found in marine and geological settings, but each of which has different solubility
products, despite having the same chemical formula (CaCO3). The dominant effect is that the more
soluble mineral phase (aragonite) dissolves much more rapidly when it is in the presence of calcite
compared to when it is in equilibrium with water on its own. Furthermore, the dissolved aragonite
recrystallizes as calcite. Despite the ubiquitous nature of these two carbonate minerals, the
mechanisms that govern their dissolution and recrystallization rates are not fully understood.
In this work, we describe our strategy for following quantitatively the kinetics of the aragonite-tocalcite conversion. This includes bulk and structural characterization of the mineral particulates
(before and after immersion), as well as tracking suspension pH values during different phases of
the dissolution and recrystallization process.
Keywords: Carbonate equilibria, Dissolution, Recrystallization, Calcium carbonate
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ABSTRACT
Soil phosphorus deficiency arising from phosphorus fertilizer abuse has been considered as a
significant environmental concern. Phosphorous solubilizing bacteria (PSB) can convert
unavailable phosphorus into available phosphorus in the soil, improve soil nutrients content, and
reduce phosphorus fertilizer applications. Inoculating phosphate solubilizing bacteria in soil is a
sustainable approach to increase the available phosphorus content for crop production. Porousstructured straw biochars as inoculum carrier can effectively avoid PSB loss and improve the vitality
of the PSB. The low temperature pyrolyzed cotton straw biochar was proved to improve the survival
rate of Bacillus megaterium by up to 8-fold compared with direct inoculation. However, the effects
of various temperature gradients pyrolyzed biochars on the immobilized bacteria adhesive activity
and the factors affecting immobilization rate were still unclear. This study thus aims to evaluate the
immobilization and biofilm growth of gram-positive bacteria (i.e., Bacillus subtillis) and gramnegative bacteria (i.e., Acinetobacter Pittii) inoculated in 6 cotton straw biochars pyrolyzed with
gradient temperatures (i.e., from 200 to 700 ℃), to understand the effects of biochars on the
immobilization rate via determining the adhesive force and cell vitality. To investigate the effective
accommodation of bacteria within the inoculated biochars, single-cell force spectroscopy was
conducted to measure the reciprocal forces between a single PSB cell and biochar surface. Our
results showed that the immobilization of PSB on biochar was significantly increased by cotton
straw biochars pyrolyzed at 300℃ and 700℃ with 1.49 × 109 CFU g−1 biochar and 1.45 × 109 CFU
g−1 biochar immobilization rate, respectively. The results of this study helped to provide a valuable
comprehensive understanding of the immobilization mechanism of PSB on biochars for optimizing
inoculum carrier biochar preparation.
Keywords: Phosphorus solubilizing bacteria, Straw biochar, Phosphorus, Biofilm, Force
spectroscopy
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ABSTRACT
Ecological water diversion is one of the main measures widely promoted in the lake eutrophication
restoration, but its effect of improving water quality and cost are still under debate. The deep
reinforcement learning (DRL) can achieve the dual objectives of improving water quality and
reducing water diversion under changing environment. Considering the current lake water quality,
algae and sediment, as well as the future meteorology and water quality of transferred water, DRL
can predict the lake water quality changes and dynamically generates the optimal diversion volume.
It generates training data and optimizes the weight of the network in real time, breaking through the
difficulty of high calculation cost of conventional "simulation-optimization" method. The results
showed that DRL can converge flexibly even if the water quality target changes. When the designed
diversion period varied from 1 week to half month, DRL also obtain similar strategies. Further, it
was found that the larger the hyperparameter discount factor, the more attention paying to the longterm water quality improvement, whereas the more attention paying to the immediate improvement,
so that DRL balance the long- and short-term effects. Under the parameter uncertainty of threedimensional hydrodynamic-water quality-algae model, the convergence of objectives and rewards
function of DRL were still similar, indicating its robustness for parameter uncertainties. The case
study showed that DRL improved the TN and TP of Lake Caohai (southwest of China) by 7% and
6%, respectively, and further reduced the amount of transferred water. The dynamical optimal
amount was 62.75 million m3 yr-1, which was about 75% lower than the existing one, and the
corresponding annual operation cost will be saved by about 300 million RMB. It demonstrates that
DRL can provide effective support for the optimal operation of the lake water diversion project.
Keywords: Lakes; Dynamic water diversion; Deep reinforcement learning; Uncertainty
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ABSTRACT
Water scarcity is promising as a worldwide threaten as the rapid industrialisation and climate change.
Seawater desalination has been regarded as an effective approach to solve this issue. Among various
technologies, forward osmosis (FO) membrane desalination has received extensive attention due to
its advantages of low energy consumption and low membrane fouling tendency. To fabricate a highefficiency FO membrane for desalination, this study developed a novel polyethersulfone FO
membrane modified with molybdenum disulfide (MoS2) nanosheets through layer-by-layer selfassemble method. The modified membrane exhibited 35% improved water flux, compared to the
blank membrane. Besides, the reverse salt flux of MoS2-FO membrane was 36% lower than the
unmodified one. Furthermore, the antifouling performance of the membrane was also improved with
the incorporation of MoS2 nanosheets. This study provided a promising candidate for membrane
desalination application.
Keywords: MoS2 nanosheets, Polyethersulfone membrane, FO desalination
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Defining the problem: Zambia has one of the highest percentages of land dedicated to protected
areas in southern African region which includes protected areas for wildlife, forests,
fisheries/aquatic life and national or historical monuments. In spite of this, Zambia like many other
developing countries has limited financial resources for natural resources and environmental
management. Deforestation and forest degradation currently accounts for 18 per cent of emissions
and it is reported to be worsening across the country despite the necessary interventions based on
the National Environmental Action Plan causing greenhouse gases amounting to 14 per cent.
Causes of the problem: Lack of information about the climate change and its effects, clearing
forests for agriculture, charcoal and fire wood.
Problem extent and severity: There is significant poverty in the rural Zambia. Forest, Agricultural,
Wildlife resources are not well managed causing high deforestation due to poor agricultural
practices and market, unsustainable extraction of wood, untapped alternative livelihood options and
inadequate community participation.
Research aims: The aim of the assessment was to describe the source of income and livelihood for
the selected chiefdoms and promotion of community education on forest protection and
conservation through contributing towards reduction of deforestation and forest degradation in
Mongu District, imalyo, Western Province of Zambia with 3,000 individual households in Imalyo.
Methodology: The research employs explorative in-depth study of individuals and community
through questionnaire interviews, surveys and case studies.
Expected outcomes: This paper argues that the best outcomes of the objectives of the research are
the following; Reduced deforestation and forest degradation, raised awareness on sustainable
practices in food production systems, life style and land use, massive tree planting, trained local
farmers and food producers on best practices and environmentally friendly of food production at
community level, promoted best practices of livelihood associated to food production and farming.
Keywords: Community, Climate change, Livelihood, Deforestation, Poverty, Natural resources.
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ABSTRACT
Fluoroquinolones (FQs) are widely used in the treatment of human and animal bacterial diseases.
However, due to their low biological absorption rate, long half-life and low biodegradation rate,
FQs have been classified as emerging environmental contaminants. As an important sink of
antibiotics, sewage plants have a low biological removal rate of FQs, and a large amount of FQs
will remain in various environmental media after treatment. The potential environmental risks
caused by them have become an international focus issue. In order to improve the biodegradation
removal rate of FQs, the molecular docking technology was used in this paper to determine the
degradability of FQs by five aerobic degrading microorganisms in sewage treatment plants, and
used the ideal point method to calculate and characterize the combined biodegradability of five
aerobic degrading microorganisms on FQs. The combined biodegradability was used as the
dependent variable to construct a multi-effect pharmacophore model of the combined degradation
of FQs by a variety of aerobic degrading microorganisms. Moreover, thirty-three derivatives of FQs
were modified and designed from the perspective of hydrophobicity according to the characteristic
element information of pharmacodynamics. At the same time, Derivative-5 with good degradability,
drug functionality and environmental friendliness was screened by pharmacokinetic and
toxicokinetic techniques. Finally, based on the mechanism analysis methods such as molecular
docking and molecular dynamics combined with amino acid and non-bonding force analysis
methods, the intrinsic mechanism of the biodegradability of FQs derivatives was revealed. This
paper aimed to study and design environmentally friendly FQs derivatives with high degradability
and functionality suitable for a variety of aerobic degrading microorganisms in sewage treatment
plants. The evaluation system of chemical characteristics provided a new idea, and theoretical
guidance for the ecological and environmental risk control of FQs antibiotics.
Keywords: Fluoroquinolones, Pharmacophore model, Molecular design, Combined biodegradation;
Pharmacokinetics/Toxicokinetics, Amino acid analysis
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ABSTRACT
Polybrominated biphenyls (PBBs) are carcinogenic to humans. Studies have shown that PBBs can
bind to aromatic hydrocarbon receptors (AHR) in vivo, which can mediate cytochrome P450
enzyme to metabolize PBBs and hydroxylated products were generated. The bindings of PBBs and
its metabolites to thyroid transporters can lead to thyroid cancer. In this study, an adverse outcome
pathway (AOP) of PBBs-induced thyroid cancer was constructed through pharmacophore model,
with the bindings of PBBs to AHR and P450 enzyme as the molecular initiating events (MIEs), the
bindings of PBBs and its metabolites to thyroid transporter as the key event (KE), and the cancer
effect as the adverse effect (AE). The molecular docking scores of PBBs binding to receptors in
each pathway were calculated, and the pharmacophore models were established to further explore
the mechanism of PBBs-induced thyroid cancer. The results showed that the R2 of the three models
for MIEs and KE were 0.71, 0.72 and 0.86 (>0.7), Config were 12.20, 13.66 and 10.19 (<17),
indicating that the models were all significant. Besides, the Fit Values were high, and the Error
values were less than 2, indicating that the models had passed the external validation. In the MIEs,
the bindings of PBBs to AHR and P450 were affected by hydrophobic and ring-aromatic
pharmacophore. The hydrophobic pharmacophore was distributed at the 2 and 3', 2' sites of PBBs’
molecule, respectively. In the KE, the binding of PBBs to thyroid transporter was affected by
hydrophobic-aliphatic and ring-aromatic pharmacophore. Hydrophobic-aliphatic pharmacophore
was mainly distributed at site 2 of the molecule. The ring-aromatic pharmacophores were mainly
distributed at the benzene ring framework of PBBs. The AOP of PBBs-induced thyroid cancer from
the perspective of molecular structure was analyzed in this study, providing theoretical basis for the
mechanism analysis and regulation of human health risk.

Keywords: Polybrominated biphenyls, Adverse outcome pathway, 3D-QSAR pharmacophore
model, Human health risk
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ABSTRACT
In this study, the effect of humic acid (HA) on the physicochemical properties and chloramphenicol
(CAP) removal of nanoscale zero-valent iron (nZVI) and sulfidated nZVI (S-nZVI) prepared by two
sulfidation methods (one-step: S1-nZVI / two-step: S2-nZVI) was investigated. The materials were
prepared by changing the order of HA addition at different sulfidation stages (during/post sulfidation)
and then the degradation study of CAP was examined. Pure S2-nZVI showed the best degradation
rate and dechlorination of CAP. Both pre-added and post-added HA slowed down the degradation
rate of CAP by nZVI, S1-nZVI and S2-nZVI, but accelerated the dechlorination of CAP by nZVI
and S1-nZVI. Among them, pre-added HA inhibited the rate of CAP degradation by nZVI more than
the post-added HA, and the opposite was true after sulfidation. Pre-added HA promoted the
dechlorination of CAP by nZVI and S1-nZVI more than post-added HA. HA has little effect on the
degradation pathway of CAP, where the nitro group (-NO2) of CAP was first reduced to the amino
group (-NH2) and the intermediate product continued to be removed one Cl atom. Since the
passivation of oxidation products on the material surface, the other Cl atom was not removed. Fe0
was the dominant reductant in CAP degradation and free Fe2+ was not involved in the reduction.
The contribution of H atoms to CAP reduction by nZVI and S-nZVI was in the order of nZVI > S2nZVI > S1-nZVI. This work suggests that the presence of HA can affect the property of S-nZVI on
CAP degradation, which is beneficial to evaluating the performance of both injected and in situ
generated S-nZVI on the contaminant remediation.
Keywords: Humic acid, nZVI, Sulfidation, Chloramphenicol removal
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ABSTRACT
The discharge of brine is a huge concern at the outfall system due to its high concentration, and the
improper discharge would negatively impact the marine animal and the environment. Inclined dense
jet is commonly applied at the outfall system to provide sufficient mixing for the brine to minimize
the impact on the marine environment.
The mixing of the brine mainly depends on the initial discharge condition and receiving
environment. Since the brine is usually denser than receiving water, it will eventually move along
the seabed. At the same time, the sea bottom always has a natural inclination, which leads us to carry
out this study about how mixing develops for the inclined dense jet on the sloped bottom. In this
study, the mixing of inclined dense on the sloped bottom is investigated experimentally with the 30°
discharge angle of 5° sloped angle. A conductivity probe and camera system are used for the
experimental study.
The results show that (1) the coefficients of the jet geometric characteristics have good
agreement with previous studies; (2) After the impact point, the slope does enhance the dilution of
the plume compared to the horizontal bed; (3) The dilution is thus affected by the slope, and the
dilution after the impact point on the slope appeared to be linearly related to the distance to the
source;(4) The slope can approximately enhance the dilution up to 10% compared with the
horizontal bed after the impact point. The present study can provide practical information for the
design of desalination and industrial plants, especially for the continuing influence of the brine
plume on the seabed, and it can lead researchers to focus on the bottom boundary condition of the
outfall system.
Keywords: Inclined dense jet, Sloped bottom, Mixing, Outfall system
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ABSTRACT
Phthalates (PAEs) are endocrine disruptors, teratogens, carcinogens, and mutagens that can enter
and enrich organisms through breathing, drinking, eating, and even skin contact as developing
contaminants. In humans, PAEs can cause estrogenic, anti-androgenic, and anti-thyroid hormone
effects, and their endocrine-disrupting effects have gotten a lot of press. This study uses the
molecular docking approach to dock PAEs molecules with thyroid hormone receptors, takes the
structural parameters of PAEs molecules as independent variables and the scoring function values
of PAEs and thyroid hormone receptors as dependent variables, creates a model of PAEs molecules'
thyroid hormone effect based on the 2D-QSAR model, and combines with sensitivity analysis
methods to examine the mechanism of PAEs' thyroid hormone impact. The findings show that two
types of characteristics, HWFZ and EHOMO, are the most important determinants of PAEs molecules'
thyroid hormone actions. To counteract the thyroid hormone effects of PAEs, both HWFZ and
EHOMO parameters in PAEs can be changed. There is a theoretical basis for regulating and avoiding
the risk of thyroid hormone effects in residual human PAEs molecules, as well as new suggestions
for doing so.
Keywords: Phthalates, 2D-QSAR, Thyroid hormone effect, Sensitivity analysis
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ABSTRACT
Plastic plays a significant role in today’s human life, and it also causes a challenging threat to aquatic
ecosystems. However, as an identified source of microplastics, municipal solid waste landfill
leachate is rarely studied. The present study identified, characterized, and quantified the
microplastics from major landfill sites in Hong Kong, including operational and closed ones. We
analyzed the abundance and characteristics (size, color, shape, and surface morphology) of
microplastics ranging from 10 μm to 5 cm in the raw and treated leachate. The results showed
microplastic abundance varied in raw leachates among landfills of different ages. The highest
concentration of 11717.7±2652.6 items/L) was found in the NENT landfill, which is still in
operation, while the lowest concentration of 2909.7±129.0 items/L came from the TKO Stage II/III
landfill, already closed for more than 45 years. Tiny microplastics smaller than 100 μm accounted
for more than 90% of the particles identified. Moreover, leachate treatment could significantly affect
the microplastic abundance. In the TKO Stage II/III landfill, microplastic concentration reached
3.98 times higher after ammonia stripping than that in raw leachate. It is probably due to the wornout plastic packings used for stripping ammonia at a relatively high temperature. The current work
demonstrated that landfill ages and the leachate treatment process affected microplastic distribution
based on different classifications. The composition of microplastics will be further identified to
comprehensively access the microplastic occurrence in landfill sites in Hong Kong. The findings
suggested that it is necessary to corporate plastic control into conventional landfill leachate
management to avoid the enhancement of microplastic pollution.
Keywords: Microplastic, Landfill leachate, Leachate treatment, Microplastic pollution
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ABSTRACT
Inappropriate or inadequate management of human-generated solid waste can adversely affect
public health and the environment. Composting technique not only reduces the solid waste load on
dumping sites but can also improve the nutritional level of the soil, which helps in increasing crop
yields. The composting process includes the decomposition and stabilization of organic solid waste.
The primary objective of this study was to prepare the compost from food waste that can be used as
a nutritional soil fertilizer using windrow composting. In windrow composting, long piles of organic
waste called “windrows” are formed in rows and aerated these piles periodically. Windrow
composting for food waste that includes bio-degradable and recyclable material was checked for
different compositions. Three composting windrows were developed for food waste with three
treatments sewerage water (T1), tap water (T2), and effective microbial spray (T3). Compost's
physical and chemical characteristics have been analyzed to determine whether the parameters
affecting compost are within the acceptable range for all three composting waste piles. Samples
analysis showed better results for the T3 windrow samples with the pH 7.87, moisture content
28.09%, organic matter 68.91%, carbon content 32.38%, nitrogen content 0.67%, C/N ratio 48.32:1,
phosphorus 1.3%, potassium 0.81%. Based on the nutritional components of the final product, it
can be used as an organic fertilizer for agriculture purposes.
Keywords: Composting, Food waste, Soil nutrients, Fertilizer, Environment.
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ABSTRACT
Atrazine is one of the most popular herbicides due to its low cost, application flexibility, and high
efficiency. Although it has been removed from the list of approved products by European Union
because of its high potential to contaminate environment, other countries including China, India,
United States, Brazil and Australia are still using this synthetic herbicide in agriculture. Clays exist
widely in the natural environment. Among the large number of clay powders, the particles with at
least one dimension in the nano range are defined as nanoclays. The coexistence of nanoclays in
aquatic environment may lead to decreased or increased toxicity of atrazine, posing risk to the
vulnerable ecosystem. The main objective of this study is to explore the toxicity of atrazine in the
presence of nanoclays to the green algae in aquatic environment. Algae density has been chosen as
the major indicator to analyze the effects of atrazine and nanoclays on the growth of algae. Factorial
design experiment has been conducted to investigate the effect from the interaction among atrazine
and nanoclays on the growth of algae. In order to identify the chronic and long-term toxicity of
atrazine in the presence of nanoclays to green algea, the density of algae under different
experimental conditions after incubation of 2 and 55 days has been recorded. The results show that
the effect from the interaction among atrazine and nanoclay on the growth of green algae is not
significant. The effect of nanoclay on the algae growth is not significant while the chronic toxicity
of atrazine is significant. The findings are instructive in the risk evaluation for predicting
consequences of exposure to the mixtures.
Keywords: Atrazine, Nanoclay, Green algae, Interaction, Factorial design
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ABSTRACT
Phthalic acid esters (PAEs), a widely used synthetic organic compound, are ubiquitous
environmental pollutants with toxic and degradation-resistant properties. PAEs are often used as
plasticizers, which can provide stability for plastic products. PAEs and plastic molecules are
connected by non-bond interactions. Due to this relatively weak action, PAEs are easy to diffuse
from plastics to the external environment over time. PAEs can enter the human body through various
routes such as diet and respiration, causing harm to the human body. In this paper, the degradability
of 4 PAE derivative molecules with low toxicity and estrogen combined activities was investigated.
The degradation pathways of PAE molecules and derivative molecules in the sewage treatment plant
environment and the farmland soil environment were deduced, respectively. After degradation, one
optimal PAE derivative molecule was screened out, due to its intermediate and final products with
lower toxicity and estrogenic effects. Aiming at the selected PAE molecules, the research of
enhanced biodegradation was carried out. By regulating the internal stimulation method of
biodegrading enzyme modification, the binding effect of the degrading enzyme and the PAE
derivative molecules was strengthened. Meanwhile, the degradation effect of biodegradable enzyme
on PAE derivative molecules was strengthened by regulating the external stimulus conditions, that
was, designing and screening additives. In this study, by means of degradation pathway inference,
the PAE derivatives with lower toxicity and estrogenic effects of biodegradation intermediates and
final products were further screened, and the enhanced degradation of PAE derivatives was carried
out through internal and external stimulation methods. This research provided a theoretical method
for the design of PAEs molecules with lower environmental hazards.
Keywords: Phthalic acid esters, Biodegradation, Degradation pathway, Enzyme modification
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ABSTRACT
The Stockholm Convention was ratified almost two decades ago to reduce the environmental
impacts of POPs by banning production and mitigating environmental release, yet the burden of
POPs and contaminants of emerging concern (CECs) are increasing in aquatic ecosystems globally.
Short-chain substitutes for POPs in aquatic systems signal input predominantly from landfills,
wastewater treatment plants, and urban runoff, yet few studies and decision-makers address these
unabated releases.
This scoping review aims to illustrate the i) magnitude and spatiotemporal distribution of
contaminated landfill sites ii) landfill characteristics of contaminated sites, and iii) scope of evidence
linking landfill breach events to contamination of aquatic systems in Canada and the US. The
methodological framework utilized a broad electric database search for primary studies that address
the transport and fate of POPs from landfill leachate and grey literature search of targeted
government monitoring programs.
Of the 4830 studies yielded in the electronic database search, 521 studies were selected for
secondary screening, with landfilling practices addressed in 122 studies. Preliminary screening
suggests PFASs, PCBs, PAHs, and flame retardants are the dominant pollutants. Canada’s Federal
Contaminated Sites Action Plan and the U.S. Environmental Protection Agency’s Superfund
Program have revealed environmental contamination is linked to closed and active landfills at 177
and 241 sites in Canada and the US respectively. In both counties, sites were in regions that
potentially impact the Great Lakes and St. Lawrence watersheds, and the Atlantic and Pacific
Oceans. Contamination characteristics and aquatic fate will be further elucidated.
Findings reveal the point sources and contamination pathways of POPs in aquatic systems are
convoluted. New landfill technologies reduce the environmental burden from some, but not all,
POPs. The environmental burden from closed and informal dumpsites requires further scrutiny,
particularly when disposal practices allow for uncontrolled disposal of wastes containing hazardous
chemicals, such as e-waste.
Keywords: POPs, Landfills, Municipal solid waste, Aquatic systems
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ABSTRACT
In order to study the relationship between the molecular characteristics of fluoroquinolones (FQs)
and their genotoxicity, this study used 2D-QSAR model and principal component analysis method
(PCA) to screen the main parameters affecting the genotoxicity of FQs, and combined with
sensitivity coefficient analysis method to study the rules affecting the genotoxicity of FQs.
Meanwhile, the FQs derivatives of with significantly reduced genotoxicity were designed according
to the rules of genotoxicity. Firstly, the geometrical parameters, electronic parameters, physical and
chemical parameters and spectral parameters of FQs were calculated, and then PCA was conducted
to obtain the main representative parameters that could characterize the characteristics of FQs.
Secondly, the main parameters were used to construct the 2D-QSAR model to analyze the molecular
characteristics of FQs’ genotoxicity, analyze the direct relationship between genotoxicity and
molecular structure, and determine the effects of different groups and loci on the genotoxicity of
FQs. Finally, molecular derivatives of FQs with reduced genotoxicity are designed based on the
rules of molecular characteristics of genotoxicity. The degree of genotoxicity of the designed
derivatives was verified by molecular docking method, and the interaction mechanism between FQ
molecule and receptor protein was analyzed. This study provides theoretical support for future
research on the genotoxicity of FQs, and at the same time broadens the theoretical basis for the
design of environmentally friendly new FQs to some extent.
Keywords: Molecular parameter; Genotoxicity; Substituent group; Principal component; Molecular
design
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ABSTRACT
With the increase in population and the use of energy in developing countries, the reliability and
import of fossil fuels have led to an increase in energy poverty. Despite having an ample amount of
renewable energy resources, the SAARC countries are unable to utilize renewable energy policies
and ensure a sustainable environment in the region. This evaluates the need and challenges in the
regional energy collaboration and renewable energy policies of SAARC countries, using multicriteria decision analysis, which intends to enable policy planners, and other stakeholders in the
energy sector to portray the necessities for investments to meet the claim of the emerging society
and to ensure energy security, and boost the economy of the region.
The study determines the challenges in the energy sector and the imminent limitations in
policies and interregional energy trade. The study was conducted on SAARC countries presenting
the solutions to overcome the issues with a relative evaluation of the growing share of renewables
and inexpensive energy supply in the region.
Keywords: South Asian countries, RE, MCDMA.
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ABSTRACT
In recent times, unrestrained generation of enormous food waste has been observed due to rapid
changes in economic conditions. However, food waste can be treated by anaerobic digestion due to
its high moisture content and excellent biodegradability. The anaerobic treatment process can be
applied as an effective solution to transform food waste into renewable bio-energy and bio-fertilizer.
With this end in view, an attempt has been made in this study to conduct anaerobic treatment of food
waste using inoculum. The effect of different food vs. micro-organism ratios on the quantity of
methane production was studied. In addition, different bio-chemical factors of food waste before
and after the anaerobic treatment process were also evaluated to examine the effectiveness of the
digestion process. Laboratory scale batch experiments were conducted on six different substrates to
inoculum ratios (0.5, 0.75, 1.0, 1.5, 2.0, and 4.0) at mesophilic temperature (30-350C) for 30 days
to determine the optimum anaerobic treatment condition. Both food wastes and inoculum were
analyzed for total solids (TS), volatile solids (VS), Volatile Fatty Acid (VFA), chemical oxygen
demand (COD), total nitrogen (TN), total organic carbon (TOC), and alkalinity. Biogas produced
over the digestion period from each sample was analyzed by gas chromatography to identify the
composition of gas and to evaluate the amount of Methane percentage in the mixture of biogas. It
was found that methane percentage in the biogas produced varied between 50% and 75% for
different experimental conditions. The outcome of the study showed that food to inoculum ratio of
1.0 resulted in the highest methane production (75%) along with a higher VS reduction rate.
Keywords: Anaerobic Treatment, Food waste, Biogas
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ABSTRACT
Heavy metals, released into water sources, even at low concentrations, cause severe damage to
human life and the environment. Arsenic (As) is one of these heavy metals which is considered a
serious global concern. Among possible removal methods, adsorption is a widely used method to
remove arsenic from water sources. However, a large number of experiments should be carried out
to optimize the removal conditions. To minimize time and cost, machine learning methods are used
to predict the effectiveness of an adsorbent in specific conditions. This work aimed to determine an
appropriate model to predict the removal efficiency of Iron-oxide nanoparticles in arsenic removal.
For this purpose, a dataset from six experimental works has been formed to study the effect of pH,
initial concentration, and contact time on the removal efficiency. Considering metric of R2, the
polynomial regression model has demonstrated effectiveness for predicting arsenic removal
efficiency for the dataset with the accuracy of higher than 80%.
Keywords: Arsenic removal, Optimization, Removal efficiency, Modeling
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ABSTRACT
In 2020, China 's total industrial energy consumption was 322.53 million tons of standard coal, and
SO2, NOx, particulate matter produced by industrial production accounted for 79.57%, 40.94%, and
65.57% of total pollutant emissions respectively. Although people's daily life is inseparable from
the social and economic benefits brought by industrial production, it is inappropriate to develop
industrial production indefinitely without considering environmental influence. In recent years,
more and more attention has been paid to air quality management to balance the relationship
between industrial development and air quality. In this study, a factorial analysis-stochastic
programming (FASP) approach is developed for supporting regional air quality management under
random uncertainty. FASP is capable not only of clarifying the interactive effects of input parameters,
but also of analyzing the effects of constraints under various probability level. The proposed FASP
approach is applied to a regional air quality management problem of Ankang City in China, for
demonstrating its applicability. The results expect to (1) take into account the investment costs,
benefits and industrial output, the research aims at reducing pollutant emissions to the atmosphere
at an optimal low cost without reducing industrial output. (2) evaluate the effects of factors
quantitatively, which can help decision makers identify the key factors that have significant
influence on system performance and explore the valuable information that may be veiled beneath
their interrelationships.
Keywords: Factorial analysis; Stochastic programming; Industrial production; Air pollution control;
Uncertainty
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ABSTRACT
Vertical transfer of antibiotic resistance genes (ARGs) has caused widespread concern in the
research community. In the process of self-replication and vertical transfer, gram-negative bacteria
carrying QNs ARGs can guide the mutation of DNA gyrase subunit A carrying QNs-resistant protein,
affecting the binding between QNs and DNA gyrase, and reducing the bactericidal efficacy. Data
required for this study were derived from 29 QN-resistant mutant protein of the E. coli DNA gyrase
subunit A constructed by Ren et al. based on homologous modeling, and QNs derivatives with 6
kinds of environmental excellent properties designed by several researchers. In this paper, 7 groups
of QNs derivatives were docked with 29 protein mutants by molecular docking method, and the
QNs tolerance of the modified QNs derivatives was quantitatively characterized by LibDock scores
(LDS). The results showed the LDS of 18 groups derivatives increased (4%-47%) compared with
the target molecule in the 7*29 docking matrix, and 94% of them were double point mutations,
which verified that the effect of double point mutation was better than that of single point mutations.
In addition, there were 5 groups double point mutation directions with strong binding ability
between QNs derivatives and mutant protein (Ser-Leu and Asp-Gly, Ser-Trp and Asp-Asn, Ser-Trp
and Asp-Gly, Ser-Val and Asp-Val, and Ser -Val and Asp-His, respectively), and the single point
mutation direction (Asp-Asn), indicating that QNs derivatives could bind more closely to specific
QNs-resistant mutant protein, improving bactericidal effect and effectively inhibiting the vertical
transfer risk of ARGs. This study provides a novel approach to evaluate the vertical transfer risk of
ARGs and the molecular modification of derivatives in the same or cross-series pollutants, which
can be used to construct a database of vertical transfer of pollutants ARGs, and extend to crossspecies horizontal transfer risk research.

Keywords: Quinolones, Antibiotic resistance genes, Vertical gene transfer, Molecular docking
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ABSTRACT:
Three types of adsorbents were used to treat decanted wastewater, activated carbon, sand and oily
fly ash. The residual oil removal efficiencies in aqueous solution of these adsorbent were compared
at different flow rate (18ml/min, 34ml/min, 100ml/min, 200ml/min) and different adsorbent package
heights (4cm, 8cm, 12cm, 16cm) based on the analyses of turbidity, UV- Vis absorption
spectrophotometer and fluorescence emission. Our results show that the best flow rate is 34ml/min
and the best height of adsorbent package is 4 cm for maximum removal of oil. The experimental
method was used to determine the treatment efficiencies and performance characteristics of different
adsorbents. The effects of different adsorbent types on the breakthrough curve were studied in the
column studies using the best flow rate and column height. The results show that the adsorption
capacity of sand is at par with respect to other adsorbents. As this adsorbent material is very lowcost and exist in abundance, the use of it makes the overall process of oil water separation highly
economical. Moreover, the adsorption behavior of light oil (Tera-nova) and heavy oil (conventional
oil) onto different filtering media were examined at selected column heights and flow rates. The
results indicates that the adsorbent material gets saturated faster in heavier oil than lighter oil. It will
help to estimate the volume of treated water by unit of adsorbent. With these studies, the total
mass of removed solutes was calculated. Our results conclude that sand acts as an effective
adsorbent material for removal of organic compounds from water and can be considered as a good
option in practical oil spill treatment.
Keywords: Decanted water, Breakthrough point, Adsorption capacity, Fixed-bed column, Filtering
media, Conventional oil.
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ABSTRACT
Availability of clean water in developing parts of the world is still a critical challenge. Polycyclic
Aromatic Hydrocarbons (PAHs) are a new category of Emerging Organic Contaminants (EOCs)
and can be stated as endocrine disruptors with increasing presence in water resources and coherent
toxic impacts and health risks. During the last few decades, a paradigm shift towards risk-based
remediation technologies for EOCs has led to potentially hazardous ecological disruptions. The
current review critically evaluates the technological developments towards management of PAHs
through adsorption processes with emphasis on the use of biochar as a common, cost-effective, and
recyclable adsorbent. Adsorption capacity and its coherent association with operating variables like
pH, temperature, solubility, and removal efficiency have been assessed. The scope of use of
biowaste in preparation of magnetic nanoparticles (MNPs) as adsorbents for PAH removal have
also been studied. Novel advancements in the in-situ and ex-situ remediation of PAHs using MNPs
with emerging techniques for preparation of MNPs, composition, extraction efficiencies and
associated toxicity hazards have also been critically evaluated in the review.
Keywords: Magnetic nanoparticles, Toxicity, In-situ, PAHs, Endocrine disruptors
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ABSTRACT
Africa's agriculture systems do not reach their potential to achieve food sustainability. Although
there are many contributing factors for this challenge, the impacts of climate change intensify other
factors. One of the results of climate change is unreliable rain, which impacts rainfed agriculture
used as a major source of water supply to crops (FAOSTAT, 2016). To address this problem, we
need a climate-smart water management approach in the agricultural systems of most African
countries. Irrigation is defined as an artificial application of water to soil to supplement irregular
rainfall and has emerged as one of the best-known solutions to water shortage, ultimately enhancing
climate-smart agriculture. About 95% of farmers use small-scale irrigation methods for crop
production. However, small-scale irrigation methods are often labor-intensive and time-consuming
when applied to achieve efficient water use and distribution. We present a capillary irrigation system
as an alternative innovation. The capillary irrigation system innovation is a simple sub-surface
irrigation method that uses polyvinylchloride (PVC) pipes as a water reservoir installed below the
plant rooting zone. Fertilizers are dissolved in water (fertigation) in the reservoir and nutrients
transferred to the crop root zone by capillary action based on evapo-transpiration and nutrient
demand. This innovation significantly improves the yield of leafy vegetables compared to the use
of sprinkler in our pilot study (Oyedele et al., 2018; Egbebi, 2021). Also, it reduces environmental
and surface water pollution largely because excess water and fertilizer applied stay in the capillary
pipe and do not escape into the surrounding environment.
Keywords: Food sustainability, Climate change, Climate-smart water management, Capillary
irrigation, Evapo-transpiration
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ABSTRACT
The polycyclic aromatic hydrocarbons (PAHs) have been garnering increasing attention owing to
their carcinogenicity and teratogenicity. The primary source of these pollutants is urban traffic and
combustion of petroleum products. Conventional treatment methods prove to be costly, nonselective and complex in their application, hence adsorption is widely considered one of the most
potential technologies for PAHs removal. In the present study, waste rinds from Citrullus lanatus
were collected and used to prepare biochar through slow pyrolysis. The biochar was used for the
adsorption of two polycyclic aromatic hydrocarbon compounds viz. pyrene and phenanthrene.
Adsorption kinetics of pyrene and phenanthrene were well fitted with the pseudo-second order
model, while the isotherm data was well defined by Freundlich adsorption isotherm model
(R2>0.998). Interestingly, pH had no significant role in the adsorption of both the compounds. The
maximum removal capacity of ~95% (phenanthrene) and ~91% (pyrene) was recorded with
maximum adsorption of 298.83 µg/g and 237.53 µg/g was observed for phenanthrene and pyrene
respectively. Pore Filling, π- π bonding, and hydrophobic actions were the primary adsorption
mechanisms behind for pyrene and phenanthrene on the biochar surface. The smaller size of
phenanthrene was the reason behind better adsorption in comparison to pyrene. These watermelon
rinds being considered as agricultural waste material, the proposed biochar material can be used as
a good alternative to the commercially available adsorbents and activated carbon.
Keywords: Biochar, Watermelon rinds, Phenanthrene, Pyrene, Biomass
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