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Significance of Groundwater 

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



How does groundwater get 
contaminated? 

ÅLeaking lagoons 
ÅLeaking underground storage tanks 
ÅLeaking landfills 
ÅLeaking pipelines 

ÅAccidental spills 
ÅWaste burial 
ÅPoor handling/disposal 



Health Effects of Persistent Organic 
Pollutants 

Å Cancer 

Å Neurological damage 

Å Birth defects 

Å Sterility 

Å Immune system suppression 

Å Diseases and abnormalities in numerous species of 

fish, birds, and mammals. 

MCL for TCE = 5 ppb 



Contaminated Sites in São Paulo 
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Innovative Site Remediation 

Å 13,000 Federally owned 

contaminated sites 

Å $7.7B in environmental 

liability 

Å  Further 10,000s ï 100,000s 

provincial, private, and 

orphaned sites 

Å  Significant, ongoing threat 

to human health and 

environment 

Å  Soil 

Å  Groundwater 

Å  Air 

Contaminated Sites in Canada 

 

ό/./ bŜǿǎ !ƴŀƭȅǎƛǎ ƻŦ ¢ǊŜŀǎǳǊȅ .ƻŀǊŘΩǎ CŜŘŜǊŀƭ /ƻƴǘŀƳƛƴŀǘŜŘ {ƛǘŜǎ LƴǾŜƴǘƻǊȅΣ 
May 7, 2012) 



Benefits of Remediation 

Å30,000 brownfield sites in Canada 

ÅEvery $1 spent on restoration and redevelopment 

Ą $4 benefit to economy  

Å$7B annually in net benefit to Canada 

ÅHealth benefits 

ÅSustainability of urban environments 



Overview of remediation in SP 
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Geosciences - São Paulo ς Ontario Soil 
and Water Remediation Consortium 
 
 
 

Objectives 

ÅAcademic exchanges between Brazil and Ontario 

ÅDevelopment of joint research projects 

 

Technical Focus 

ÅCharacterization and comparison of subsurface soils, 
microbiology, geochemistry in Ontario and São Paulo 

ÅJoint development of innovative methods for 
remediation of contaminated soil and groundwater 
suited to Canada and Brazil 



Latossolo vermelho 

Neossolo Quartzarênico 

Tropical Soils 
Å High iron and clay content 

Å Highly aggregated, permeable 

Å Very different from Canadian soils 

Latossolo vermelho amarelo 



Tropical Soils 

jgfreitas@unifesp.br 

ÁResearch underway in Brazil 

ÁEvaluation of techniques for soil and groundwater 

sampling and analysis 

ÁAssessment of the fate of remedial methods in  

tropical soils 



 
   North American Soils 

Field scale Micro-scale 

Research under way at UofT and WU 
ÅMineral Interactions, effects on contaminant transport 
Å Characterizing and modelling geochemical processes 
ÅThese have not been evaluated for Brazilian soils 



Most Promising Remediation 
Methods 

ÅChemical Oxidation (SP and Ontario) 

ÅBioremediation (SP and Ontario) 

ÅNanoscale zero valent iron (Ontario) 

ÅThermal methods (Ontario) 

 

ÅTreatment train approaches  



In-Situ Chemical Oxidation (ISCO) 

ÅAn oxidant is introduced into the subsurface to chemically 
oxidize organic contaminants 

 

ÅCommon Oxidants: 

Potassium Permanganate  

Potassium persulfate 

Hydrogen Peroxide  

Ozone 
 



Applications of Biotechnology 

ÅExtensive research on bioremediation for 
contaminated soil, groundwater, and 
wastewater is in progress in Brazil and Canada 

ÅDifferences and similarities in soils, 
geochemistry, microbiology between Brazil 
and Canada will lead to many interesting 
research questions and opportunities 

ÅGreat bank of complementary biotechnology 
expertise in both countries 



Complementary Microbiology 
Capabilities 

ÅEnvironmental microbiology laboratories (BioZone) at 
the University of Toronto use metagenomic analyses of 
microbial communities to better understand 
contaminant biodegradation 

ÅVisiting researchers will have hands-on experience in 
molecular biology. Students from Brazil can visit and 
bring their samples for analyses  

ÅThe University of São Paulo has extensive experience 
on characterization of microorganisms using mass 
spectrometry 



Bioremediation of organic compounds 
in wastewater  

 
São Paulo 



Isolation of aromatic compound degraders 
Aromatic  

compound  
Minimal  
 medium  

Contaminated 
sample  

Screening in selective medium  

Enzymatic assays in shaker (batch)  

Samples analysed in HPLC  
(biodegradation)  

Samples analysed in 
espectrophotometer  

(cellular growth)  

Extraction and 
amplification of genomic 

DNA  

PCR 16S 

Purification and sequencing of 
PCR product  

Checking the PCR 
product (electrophoresis)  

Comparison 
with 

databank 
(Blast -NCBI)  
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Identification of aromatic compounds degraders  

 

Source 

Enrichment 

(aromatic compounds) 

    

16S  rRNA  

% match  

 

 

Air 

 

Phenol 

 

Achromobacter sp. 

Pandoraea sp. 

99 

98  

 

 

Soil 

 

BTEX 

 

Burkholderia sp. *   

Pseudomonas  sp.*   

Serratia sp. ** 

C 3   ***                              

 
 

SrRNA  gene from crude DNA extraction ïNCBI -   
(http ://www.ncbi.nlm.nih.gov )  
 
*    API   - primary  identification  by biochemical test 
**   MALDI -TOF  Biotyper  ï confirmation  
***  UNKNOWN- no significant results for any test 
 

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/


Mass Spectrometry for Identification of 
Microorganisms 

ÅUsed to measure mass to charge ratio (m/z) 

ÅThis information is needed and often helpful in the 
identification of  species 

Å It is possible to obtain specific signs by family, genus and 
species 

Doctoral Student Lidiane Maria de Andrade 
Dra  Maria Anita Mendes 
LSCP/ CEPEMA- PQI-POLI-USP 



MALDI MS  Biotyper 

MALDI Biotyper is a new technology for identifying 
microorganisms directly after growth 
 
ÅMALDI ς Ionization Technique  based on 
desorption assisted by a matrix 
 
ÅBiotyper - Database 

MALDI- Matrix Assisted Laser Desorption Ionization   



Pulsed Laser Beam 

Strong electric 
field (5-20 kv) 

Accelerated 
charged 
particles 
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Principle of MALDI-TOF Mass Spectrometry 

The start: laser pulse  
Desorption takes place 
Sample into the gas phase 
Ionization 
Ions are accelerated. 

MALDI is typically coupled to TOF MS due the pulsed nature of both techniques 



RESULT: Bacterial Protein άFingerprintέ 



ω Minimal sample preparation 
 

ω Cŀǎǘ ŀƴŘ ŀŎŎǳǊŀǘŜ ŀƴŀƭȅǎƛǎΣ ƳƛƴǳǘŜǎ ŦƻǊ ŀ ǎƛƴƎƭŜ ǎŀƳǇƭŜ, 
High throughput with 96 samples in an hour 
 
ω Non-expert identification routine 
 

ω Large, HIGH QUALITY library with >3900 microbial strains 
in library representing >2000 species 
 
ω /ƻƴǘƛƴǳŜŘ ŜȄǇŀƴǎƛƻƴ ƻŦ ƭƛōǊŀǊȅ ŎƻƴǘŜƴǘ ǿƛǘƘ ŀ ǿƛŘŜ ǾŀǊƛŜǘȅ 
of partners 
 
ω CǳǊǘƘŜǊ ǎǘǊŀƛƴǎ Ŏŀƴ ōŜ ƛƴŎƭǳŘŜŘ ōȅ ǘƘŜ ǳǎŜǊ 

MALDI Biotyper- Advantages 



Ontario Partners 



5Ŝƴƛǎ hΩ/ŀǊǊƻƭƭ 
 
 
 

Jason Gerhard 
 

Clare Robinson 
 

Å 25 Postdocs + graduate students 

Å > $4.5M external funding 

Å 4 state-of-the-art laboratories 

Å Advanced computer modelling capabilities 

Å 15+ industrial partners 

Å 25+ international academic collaborators 

 

FOCUS 

Ą Fundamental applied science 

Ą Innovative water/remediation solutions 
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Linking Bioscience 
to the Future 
Green Chemical 
Industry  
                       Elizabeth Edwards 
 
 



What is BioZone? 

ά¢ƘŜ ǎƛƎƴƛŦƛŎŀƴǘ ǇǊƻōƭŜƳǎ ǿŜ ƘŀǾŜ Ŏŀƴƴƻǘ 
be solved at the same level of thinking 
with which we created themΦέ 
 

                     -- Albert Einstein 

Internationally recognized centre for applied 
bioscience and bioengineering research 

 
Focus 

urgent societal needs in 
energy | environment | health 

 

34 



Biozone Research 

environment 
bioproducts 

health & medicine 
energy 
policy 

 
 

microbes + enzymes 

35 



Biozone People 

36 



Anaerobic Digestion 
(Grant Allen, Brad Saville, Emma Master, Elizabeth 

Edwards and others) 

Partner:  TEMBEC 
(Temiscaming) 
 
Degranulation with addition 
of recalcitrant in-mill waste 
streams (PEW) 
 
Lab-scale reactors, pyrotag 
sequencing, resin acids and 
fatty acids (LC/MS) 

37 



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

Enzyme Mining 



Genome-Scale Metabolic Modelling 
(Krishna Mahadevan) 

 Environment:   sustainable bioproducts,  biodegradation,  
       industrial enzymes 

Health: cancer, diabetes, obesity 

39 



Innovative Combined Treatment Technologies for 
Remediating Contaminated Groundwater  

(Funded Project 2011-2016) 

Objective: 
To develop innovative combined water treatment 
technologies for remediation of groundwater and soil 
ÅSupported by the Ontario Government 
ÅORF-RE WR ς The Ontario Research Fund  Research 
Excellence Water Round 
ÅAdministered by the Ontario Ministry of Economic 
Development and Innovation 
ÅFunding of $3,213,700 over 5 years, with matching in-
kind and cash from industry 
ÅBrent Sleep, Lead 



Specific Objectives 

ÅAdvance nanoscale zero valent iron (NZVI) 
technology and synergy with bioremediation 

ÅAdvance Self-sustaining Treatment for Active 
Remediation (STAR) technology, and STAR 
combined with bioremediation 

ÅDevelopment of electrokinetics combined with 
in situ chemical oxidation (ISCO) and NZVI 

ÅLab, field scale and modelling 



The University Team 

ÅUniversity of Toronto 

ïAcosta, Edwards, Sherwood Lollar, Sleep 

ÅUniversity of Western Ontario 

ïDŜǊƘŀǊŘΣ IŜǊǊŜǊŀΣ hΩ/ŀǊǊƻƭƭ 

ÅvǳŜŜƴΩǎ ¦ƴƛǾŜǊǎƛǘȅ 

ïMumford 



Private Sector Partners 

ÅCH2M Hill 

ÅDow Chemical 

ÅGeosyntec/SiREM 

ÅPinchin Environmental 

 

Partners provide cash and in-kind support 

 



Training 

Over 5 years the project will involve: 

Å6 M.A.Sc. Students 

Å10 Ph.D. students 

Å5 postdoctoral fellows 

ÅResearch associates 

ÅSummer undergraduate students 

ÅSecondary school outreach program 

ÅExcellent opportunity for collaboration with São 
Paulo researchers 



Bioremediation 
(Elizabeth Edwards, Krishna Mahadevan, Brent Sleep, 

Barbara Sherwood Lollar) 

Partners: Geosyntec Consultants; Sirem Labs; US DOD and 
many others 

Target compounds:  chlorinated solvents, hydrocarbons, 
pesticides, uranium 



 In-Situ Remediation with b½±L ό{ƭŜŜǇΣ hΩ/ŀǊǊƻƭƭΣ 
Acosta, Edwards) 

Impermeable Layer 

Injection borehole 

Groundwater Flow Transformation of 

fertilizers (e.g. NO3
-) 

Reductive 

dechlorination of 

CAHs (e.g. TCE, CT) 

Immobilization of 

heavy metals (e.g. 

Cr, Ni, As) 

OôCarroll et al., in press Advances in Water Resources 



The Nature of Things:CBC National Television 

Nanotechnology Special  



STAR Remediation Technology 

Before After (24 hrs later)  

TPH = 31,000 mg/kg TPH  < 10 mg/kg 



STAR Ex Situ Prototype Reactor  

Objectives 
ÅOperational robustness 
ÅMaterials robustness 
ÅOptimization 
 

Testing Program 
ÅTests 1-5: Vegetable oil /sand 
ÅTests 6-12: Crude oil sludge/sand 

3 m 3 m 

1 m 



UofT/UWO Experience with Field Pilot Trials 

Å nZVI 
Å STAR 
Å Enhanced Bioremediation 



Å Focused on advanced modelling of the fate and transport of contaminants 

in the subsurface under natural and engineered conditions 

Å Exploring synergies with modelling expertise at USP and UNIFESP 

 

 

9ƴǾƛǊƻƴƳŜƴǘŀƭ aƻŘŜƭƭƛƴƎ ό{ƭŜŜǇΣ hΩ/ŀǊǊƻƭƭΣ DŜǊƘŀǊŘύ 
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Next Steps 
ÅShort term student exchanges between UofT/WU 

and USP/UNIFESP with focus on training in 
microbiology techniques 
 
ÅDevelop and deliver workshop on soil and 

groundwater remediation technologies 

 



Next Steps 
ÅDevelop collaborative projects in areas of 

common interest and expertise: 
ÅBioremediation  
ÅIn situ chemical oxidation 
ÅSubsurface characterization 
ÅMetals recovery 
ÅComputer modelling of environmental 

processes 
ÅIdentify field sites to provide opportunity for 

large scale collaborative projects 
ÅIdentify industrial partners and funding sources 

to support projects 
 

 



http://www.pinchin.com/headoffice
http://www.ch2m.com/corporate/
http://www.dow.com/canada/


Thank  
you! 

Obrigado!  

Claudio A Oller Nascimento 
oller@usp.br 


