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� EPA lists several agents as water contaminants:

◦ Microorganisms

� Cryptosporidium (MCL = 0mg/L)

� Legionella (MCL = 0mg/L)

� Giardia lamblia (MCL = 0mg/L)

� Enteroviruses (MCL = 0mg/L)

� Coliform and E. coli: Indicators of � Coliform and E. coli: Indicators of 

contamination

◦ Inorganic 

� Major source of contamination: human and 

� animal waste matter

We need to ensure the availability of clean, We need to ensure the availability of clean, We need to ensure the availability of clean, We need to ensure the availability of clean, We need to ensure the availability of clean, We need to ensure the availability of clean, We need to ensure the availability of clean, We need to ensure the availability of clean, 
safe drinking water by continuous safe drinking water by continuous safe drinking water by continuous safe drinking water by continuous safe drinking water by continuous safe drinking water by continuous safe drinking water by continuous safe drinking water by continuous 
monitoring of water suppliesmonitoring of water suppliesmonitoring of water suppliesmonitoring of water suppliesmonitoring of water suppliesmonitoring of water suppliesmonitoring of water suppliesmonitoring of water supplies



Problems in Current Water Diagnostic 
Analysis

1.Delay in analysis may lead to erroneous posting
2. Analysis provides information regarding a 
limited number of pathogens
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limited number of pathogens
3.Other relevant data (e.g. weather) should be 
included in analysis and decision-making.
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“Research and technology development towards 
low-cost, real-time, portable devices that can 
analyze real-world environmental water samples 
for biological and chemical contaminants.”
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Environmental samples contain a wealth of 
information that can be used for diagnostic 
purposes…

The complexity of DNA in a 100ml sample is 
equivalent to several human genomes….



New DNA-based diagnostic devices will be driven 
by reductions in cost of DNA sequencing… 

Cost of sequencing is dropping much faster than the cost of computers…



1.1.1.1. Bacterial Diversity AnalysisBacterial Diversity AnalysisBacterial Diversity AnalysisBacterial Diversity Analysis
a. Sequence all DNA in a given sample and sort into genomes

2.2.2.2. Bacterial genome sequencing Bacterial genome sequencing Bacterial genome sequencing Bacterial genome sequencing 
a. Sequence the entire genome of specific, purified bacterial 

strains
3.3.3.3. Bacteria QuantitationBacteria QuantitationBacteria QuantitationBacteria Quantitation

a. Sequence specific target to enumerate target organisms
4.4.4.4. Indel AnalysisIndel AnalysisIndel AnalysisIndel Analysis4.4.4.4. Indel AnalysisIndel AnalysisIndel AnalysisIndel Analysis

a. Use sequence data to identify indels in unknown organisms 
b. Quantify occurrence of indels in a given sample to 

enumerate the bacteria
5.5.5.5. Transcriptome AnalysisTranscriptome AnalysisTranscriptome AnalysisTranscriptome Analysis

a. Identify changes in gene expression directly by sequencing  



Isolation and Identification of 
Microbial Diversity using gene
sequencing.



Use of conserved gene (16S RNA) analysis for Microbial Identification 
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Problems: Complex probes may cross-hybridize leading to misidentification 



Signature SequencesSignature SequencesSignature SequencesSignature Sequences, particularly insertion deletion elements 
(“indels”) can be used to identify microorganisms
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For water analysis, DNA Indels can be used to….

(1)Quantify bacteria
(2)Identify bacteria
(3)Identify other microorganisms 
(algae, protozoa etc)
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Semiconductor technology can used to 
produce lots of things besides computer 
chips including DNA sequencers and 
complex sensing devices.
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complex sensing devices.
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BioFET BioFET BioFET BioFET 
Sensor Sensor Sensor Sensor 
SystemSystemSystemSystem

Portable Pathogen DetectionPortable Pathogen DetectionPortable Pathogen DetectionPortable Pathogen DetectionPortable Pathogen DetectionPortable Pathogen DetectionPortable Pathogen DetectionPortable Pathogen Detection

Drinking Drinking Drinking Drinking 
waterwaterwaterwater
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Rapid and Rapid and Rapid and Rapid and 
accurate accurate accurate accurate 

detection of detection of detection of detection of 
oligonucleotidesoligonucleotidesoligonucleotidesoligonucleotides

Detection of Detection of Detection of Detection of 
Pathogens in water Pathogens in water Pathogens in water Pathogens in water 

systemssystemssystemssystems

Waste Waste Waste Waste 
waterwaterwaterwater

WatershedWatershedWatershedWatershed



An Integrated Approach to Water Monitoring….



B
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An Integrated Approach to Water Monitoring….

A

AAAA – inexpensive DNA sequencing

BBBB – semiconductor-based sensors

CCCC – improvements in data transmission and analysis



Integrated low-cost, real-time 
monitoring of Ontario recreational 
and municipal water sources
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1. Microbiology/Bioinformatics (Herb 
Schellhorn)

2. Sensor Systems (Jamal Deen)2. Sensor Systems (Jamal Deen)

3. Information Fusion (T. Kirubarajan)



ExternalExternalExternalExternal
Canada Center for Inland WatersCanada Center for Inland WatersCanada Center for Inland WatersCanada Center for Inland Waters
Regional Municipality of NiagaraRegional Municipality of NiagaraRegional Municipality of NiagaraRegional Municipality of Niagara
Ontario Public Health LaboratoryOntario Public Health LaboratoryOntario Public Health LaboratoryOntario Public Health Laboratory
Public Health Agency of CanadaPublic Health Agency of CanadaPublic Health Agency of CanadaPublic Health Agency of Canada
UN University/Water without bordersUN University/Water without bordersUN University/Water without bordersUN University/Water without borders
Institute of Microelectronics CAS, BeijingInstitute of Microelectronics CAS, BeijingInstitute of Microelectronics CAS, BeijingInstitute of Microelectronics CAS, Beijing
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Institute of Microelectronics CAS, BeijingInstitute of Microelectronics CAS, BeijingInstitute of Microelectronics CAS, BeijingInstitute of Microelectronics CAS, Beijing
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