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Challenges: Biomarkers detection in wastewater

• Complex wastewater samples
- Low concentration, many interferants (“cocktail”)

• Conventional methods for microbial detection
- Culture:  time-consuming (days/weeks), less sensitive
- Molecule method: e.g., qPCR: central laboratories, well-trained persons 

• Chemical biomarkers detection
- LC-MS/MS, sensitive but need centrale laboratory and well-trained personnel

Need low-cost, rapid, sensitive and portable sensing platform
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• Early warning 
• Tracking down the source
• Understanding the 

circulation
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PNAS 2019, 16(11), 4834

Anal. Chem., 2017, 89: 99415

Origami-Paper device for Rapid and Onsite Pathogen Detection
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CRISPR/CAS - LAMP assay for SARS-CoV-2

Paper-based device with CRISPR/Cas - LAMP for SARS-CoV-
2 detection in Wastewater 

ACS ES&T, 2022, 56, 13245
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Origami-paper device for field-testing of SARS-CoV-2 in
quarantine hotel in London

Test a cohort of sewage samples at lab-scale & validated with RT-qPCR

• Field-based enrichment
• Sensitive amplification
• Fast turnround (2-3h)
• Internal control 
• Multiplexed detection
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Field-testing of wastewater in quarantine hotel in London
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Chemical Sensors for Chemicals (illicit drugs detections)
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Example 1: Electrochemical sensors for quantification of cocaine 
to evaluate illicit drug use trends

• improve the sensitivity from 300 ng/ml (current commercial paper strip) to 
0.3 ng/ml (1000 times)

Sewage analysis using  cocaine sensors

Yang et al Sci Reports 2016 (6), 21024
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Example 2: Rapid detection of methamphetamine using Surface 
Enhanced Roman Scattering (SERS)

Talanta 2018,190, 263

• LOD: 0.1 ppb 
• Potential for portable assay
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Example 3: Paper-based nano-sensors (SERS) to evaluate 
community-wide illicit drug of abuse

Yang et al Water Res 2021, 189, 116559, ES&T 2015, 49,5609
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Origami-Paper Devices for Public Health

• Blood
• Semen
• Water
• Wastewater
• Soil

• Chemicals
• SARS-CoV-2
• Influenza A/B
• E.coli
• Salmonella
• Brucella
• Leptospira
• Malaria
• TB
• AMR

• Low-cost
• Rapid (~45min)
• Species-specific
• Point-of-Care
• Multiplexed

Nat Commun 2022, 13, 1937
Nat Commun 2021,12, 6994.
Water Res 2021, 191, 116787
PNAS 2019, 116 (11) 4834

Nat Water 2023, 5, 1-3
Adv Funct Mat 2023, 3, 202212081
ES&T, 2022, 56, 18, 13245
ACS Nano, 2020, 14, 7783
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Our contribution to wastewater surveillance for 
early warning of pandemic



14

Environmental
monitoring

Healthcare&
Diagnostics

Public health

Biosensing &
Microfluidics

Advanced Sensors for Water-Environment-Health

Nat Water 2023, 5, 1-3
Environ Sci Technol, 2022, 56, 13245
Water Res 2021, 191, 116787
Water Res 2021, 189, 116559
Environ Sci Technol, 2020, 54, 3733
Biosens Bioelectron 2020,169,112617 

Adv Funct Mat 2023, 3, 202212081
Nat Commun 2022, 13, 1937
Nat Commun 2021,12, 6994.
ACS Nano, 2020, 14, 7783
PNAS 2019, 116 (11) 4834
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