FAPESP Week 2012
Toronto Symposium



Geosciences Sao Paula Ontario Soiland
Water RemediationConsortium

Claudio Augustd®ller Nascimento, Maria Anita Mende%lenPerpétuo Aquino
Escola Politécnicd) SP, CEPEMAISP
Juliana Freitas
UNIFESP

Brent Sleep Elizabeth Edwards
Universityof Toronto

Jason Gerhard, Denis Q/ | NNZ f f
WesternUniversity

UNIFESP &
T AL “#®1 UNIVERSITY OF V\/ e
l | ,: ) p . B8 TORONTO EStern




CANADA

Google-earth

Altitude do ponto de visdo 11956.01 km

BRAZIL

Data SI0, NOAA, U.S: Navy, NGA, GEBCO

CZC‘Z‘QSQ;E‘;J:‘: Atlas , G()():%[C eal’th

US Dept of State Geographer

7'51°42 39"N 35°45'05.74°0 elev -4;'3}'7‘_ / Altitude do ponto de visdo 11956.01 km






CEPEMAJSPCuba#o, Brazil

ing

-

2012

FAPESEnabled meet

3

Oct



PALESTRA

DARCY LECTURE

UNIFESP

‘.‘.ﬁ".-‘-‘#‘

CNPq R FaPESP

6 ToRONTO  Western

Agror

"‘Pﬂﬂ*?m‘@

T R S et






Significance of Groundwater

Groundwater and the world’s freshwater supply Q '

Fresh
(2.5%)

Saline
(97.5%)

World's water supply World water supp
(fresh and saline) (fresh only)

http://www.ec.gc.ca/water/images/nature/grdwtr/a5f7e.htm



How does groundwater get
contaminated?

A eaking lagoons

A eaking underground storage tanks
A eaking landfills

A eaking pipelines

Accidental spills
Awnaste burial
Aoor handling/disposal



Health Effects of Persistent Organic
Pollutants

(modifi

Childhood Leukemia Cases: 1964 - 1986 £
28 cases - 16 deaths 3 5
- - y F
ACancer L 4 womtry [
MASSACHUSETTS

ANeurological damage

ABirth defects
ASterility

MCL for TCE =5 ppb

Almmune system suppression
ADiseases and abnormalities in numerous species o

fish, birds, and mammals.



Contaminated Sites in& Paulo

GOIAS /

Number of contaminated sites
registered at the Environmental Agency
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Contaminated Sites in Canada

'EF R -" ,‘ A13,000 Federally owned
X contaminated sites

A$7.7B in environmental
liability

A Further 10,000s i 100,000s
provincial, private, and
orphaned sites

A Significant, ongoing threat
to human health and
environment

A Soil

A Groundwater

A Air

6/ ./ bSga 'ylfeaira 2F CNBIF&dNE .21 NRQa CSRSNIt / 2y
May 7, 2012)



Benefits of Remediation

A 30,000brownfield sites in Canada

A Every $Ispent on restoration and redevelopment
A $4benefitto economy

A $7B annually in net benefit tBanada
A Health benefits

A Sustainability of urban environments



Overview of remediation in SP
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Geosclences Sao Paula Ontario Soll
and Water RemediationConsortium

Objectives
A Academic exchanges between Brazil and Ontario
A Development of joint research projects

Technical Focus

A Characterization and comparison of subsurface soils,
microbiology, geochemistry in Ontario anao$aulo

A Joint development of innovative methods for
remediation of contaminated soil and groundwater
suited to Canada and Braazil



Tropical Solls

A High iron and clay content

Neossolo Quartzarénico

A Highly aggregated, permeable
A Very different from Canadian soils

Latossolo vermelho



Tropical Solls

A Research underway in Brazil
A Evaluation of techniques for soil and groundwater
sampling and analysis

A Assessment of the fate of remedial methods In

tropical solls

jgfreitas@unifesp.br



North American Solls

Research under way &tofTand WU
AVlineral Interactions, effects on contaminant transport

ACharacterizing anthodellinggeochemical processes
AThese have not been evaluated for Brazilian soils

: >
Field sCale

Micro-scale



Most Promising Remediation
Methods

A Chemical Oxidation (SP and Onta
A Bioremediation (SP and OntariPq

A Nanoscaleerovalentiron (Ontario)jwf
A Thermal methods (Ontariofjw}

A Treatmenttrain approaches Ikl



In-Situ ChemicalOxidation (ISCQO)

A An oxidant is introduced into the subsurfaceto chemically
oxidizeorganiccontaminants

Permanganate Storage ang
Delivery System

A CommonOxidants
PotassiumPermanganate
Potassiumpersulfate

HydrogenPeroxide
Ozone

TGE Gontamination




Applications of Biotechnology

A Extensive research on bioremediation for
contaminated soil, groundwater, and
wastewater Is In progress in Brazil and Canad

A Differences and similarities in soils,
geochemistry, microbiology between Brazil
and Canada will lead to many interesting
research guestions and opportunities

A Great bank of complementary biotechnology
expertise in both countries



Complementary Microbiology

Bed Capabilities |}

A Environmental microbiology laboratorieBi0Zon@ at
the University of Toronto usemetagenomicanalyses of
microbialcommunities to better understand
contaminant biodegradation

A Visiting researchers will havendson experience in
molecular biology. Students from Brazan visitand
bring their samples foanalyses

A TheUniversity ofSdo Paultias extensive experience
on characterization afnicroorganisms usingnass
spectrometry



Bioremediation of organic compounds
In wastewater

S0 Paulo




Isolation of aromaticcompounddegraders

Aromatic Minimal
compound medium _
% Contaminated Screening in selective medium
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|dentification of aromatic compounds degraders

Source

Achromobactersp.
Phenol Pandoraeasp. 98

Burkholderiasp.*

BTEX Pseudomonassp*
Serratiasp. **
C 3 *k%*
SrRNA gene from crude DNA extraction I NCBI -
(http_://www.ncbi.nim.nih.gov )

* APl - primary identification by biochemical test
** MALDI -TOF Biotyper 1 confirmation
*** UNKNOWNDNO significantresultsfor anytest


http://www.ncbi.nlm.nih.gov/
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MassSpectrometry for Identification of
Microorganisms

A Usedto measuremassto chargeratio (m/z)

A This information is needed and often helpful in the
identification of species

A It is possibleto obtain specific signsby family, genus and
species

Doctoral StudentLidianeMaria de Andrade
Dra Maria Anita Mendes
LSCP/ CEPEMRQIPOLIUSP



/\\ MALDI MSBiotyper

MALD} Matrix Assisted Laser Desorption lonization

MALDIBIotyper is a new technologyfor identifying
microorganismgdirectly after growth

AVALDI ¢ lonization Techniqgue based on
desorptionassistedoy a matrix

ABiotyper - Database



/_\ \ ’ Principle of MALBITOF Mass Spectrometr

Sampleinto the gasphase
lonization

lonsare accelerated

Accelerated

o o° 99 charged
o - o particles
he Y
L S
Pulsed Laser Beam §§
L S
RN
§§ ® Strong electric
Thestart: laserpulse §§ ° . o field (5-20 kv)
Desorptiontakesplace

MALDIis typically coupledto TORMISdue the pulsednature of both techniques
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¥

/\ \ ~ MALDIBIotyper- Advantages

wMinimal samplepreparation

w CFLad YR FOOdNI GS Fylfearas YAYd:
High throughput with 96 samples in amour

wNon-expertidentification routine

wlLarge, HIGH QUALITY library with >3900 microbial strains
In library representing >2008pecies
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Ontario Partners
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Jason Gerhard

Clare Robinson

RESTORE

Research for Subsurface Transpor’r and Remediation

A25 Postdocst graduate students

A> $4.5M external funding

A4 stateof-the-art laboratories

AAdvanced computer modelling capabilities
A15+ industrial partners

A25+ international academic collaborators

FOCUS
A Fundamental applied science
A Innovative water/remediation solutions

Western

UNIVERSITY-CANADA




BioZone

Centre for Applied Bioscience and Bioengineering
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Linking Bioscience
to the Future
Green Chemical

Industry

Elizabeth Edwards

ﬁ FACULTY
L Fraieeriog & Ammlied Chomicrre | OFAPPLIED
8 Chemical Engineering & Applied Chemistry SCIENCE &

% UNIVERSITY OF TORONTO ENGINEERING
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What iIsBioZone&

Internationally recognized centre for applied
bioscience and bioengineering research

Focus
urgent societal needs In
energy| environment| health

6¢KS aAdyAFAOLY( LINBOE S
be solved at the same level of thinking
with which we created themp €

-- Albert Einstein




BiozoneResearch

environment
bioproducts
health & medicine
energy

policy

microbes + enzymes

35



BiozonePeople
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. M.A.Sc. Students

. M.Sc. Students
M.Eng. Students

@ Ph.D. Students
Postdoctoral Fellows
Research Staff }(’
Adminstrative Staff B

. Principal Investigators

T



Anaerobic Digestion

(Grant Allen, Bradsaville Emma Master, Elizabeth
Edwards and others)

Partnerr TEMBEC
(Temiscaminp

Degranulation with addition X ’ |
of recalcitrant inmill waste
streams (PEW)

Labscale reactorspyrotag
sequencing, resin acids and =~ ®u:
fatty acids (LC/MS)

37



Enzyme Mininc

Application requirements
and process constraints
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and
engi
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Figure 2 | Industrial enzymes — from the metagenome to applications and processes.

Lorenz and Eck. Nature. 2005: (3) 510




GenomeScale Metabolic Modelling
(KrishnaMahadevar)

Environment: sustainablebioproducts biodegradation,
Industrial enzymes

Health: cancer, diabetes, obesity
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Innovative Combined Treatment Technologies for
Remediating Contaminate@Groundwater
(Funded Project 201:2016)

Objective:

To develop innovative combined water treatment
technologies for remediation of groundwater and soill
ASupported by the Ontario Government

AORFRE WR The Ontario Research Fund Research
Excellence Water Round

Addministered by the Ontario Ministry of Economic
Development and Innovation

A-unding of $3,213,700 over 5 years, with matching in
kind and cash from industry

Mrent Sleep, Lead

My
>r> )
tfﬁ’ Ontario



Specific Objectives
A Advance nanoscale zero valent iron (NZVI)

technology and synergy with bioremediation

A Advance Selustaining Treatment for Active
Remediation (STAR) technology, and STAR
combinedwith bioremediation

A Development of electrokinetics combined with
In situ chemical oxidation (ISCO) and NZVI

A Lab, field scale and modelling



The University Team

A University of Toronto
I Acosta, Edwards, Sherwoddllar Sleep

A University of Western Ontario
iDSNKXI NRXZ | SNNBEN} X hQ/ ||
Av dzSSy Qa ! yAODSNRAU &

I Mumford



Private Sector Partners

A CH2M Hill

A Dow Chemical

A GeosyntetSiREM

A PinchinEnvironmental

Partners provide cash and-kind support



Training

Over 5 years the project will involve:

A 6 M.A.Sc Students

A 10 Ph.D. students

A 5 postdoctoral fellows

A Research associates

A Summer undergraduate students

A Secondary school outreach program

A Excellent opportunity for collaboration with 2
Paulo researchers



Bioremediation

(Elizabeth Edwards, Krishiidahadevan Brent Sleep,
Barbara SherwoodL.ollar

Partners:GeosyntecConsultantsSiremLabs; US DOD and
many others

Target compounds:chlorinated solvents, hydrocarbons,

pesticides, uranium




4 In-Situ Remediation withb %2+ L 0 { f S S|
Acosta, Edwards)

Injection borehole

—

Groundwater Flow

- ok o

Transformation of
fertilizers (e.g. NOy)

Reductive
dechlorination of

Immobilization of
heavy metals (e.g.

i n press Advances



The Nature of Things:CBC National Television
Nanotechnology Special




RESTORE

== STAR Remediation Technology

Before After (24 hrs later)
TPH= 31,000mg/kg TPH < 10 mg/kg



STAR EXx Situ Prototype Reactor

Objectives

KOperationalrobustness

AViaterials robustness
3m  fOptimization

Testing Program
Alests 15: Vegetable oil /sand
Alests 612: Crude oil sludge/san




UofTUWO Experience with Field Pilot Trials

AnzvVi
ASTAR
AEnhanced Bioremediation
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A Focused on advancedodellingof the fate and transport of contaminants

in the subsurface under natural and engineered conditions

A Exploring synergies witmodellingexpertise at USP and UNIFESP

Organic Saturation TCE concentration DCE concentration

no flow boundar

w GZ

Constant head boundar

5m



Next Steps

A Short term student exchanges betweblofTWU
and USP/UNIFESP with focus on training in
microbiology techniques

A Develop and deliver workshop on soil and
groundwater remediation technologies



Next Steps

A Develop collaborative projects in areas of
common interest and expertise:
A Bioremediation
A In situ chemical oxidation
A Subsurface characterization
A Metals recovery
A Computermodellingof environmental
processes
A ldentify field sites to provide opportunity for
arge scale collaborative projects
A ldentify industrial partners and funding sources
to support projects
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