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During the height of the pandemic, 
Singapore was essentially closed to 
the outside world.

Singapore’s water system is closely 
monitored, precise/accurate data 
are readily available.

All water reclamation facilities and 
multiple points within the sewer 
collection system were monitored.

Epidemiological data/testing 
available for the entire country.

GOAL: Model and normalize SARS-
CoV-2 virus to anthropogenic 
markers (population predictions).
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Entire Country Monitoring of all WWTPs

 85-week monitoring, twice a week (weekend & weekday)

 Heat Inactivation upon sample receipt (BSL2)

 Ultrafiltration followed by vacuum concentration

 Automated extraction of nucleic acid

 4-plex RT-qPCR with 3 SARS-CoV-2 gene targets (Proprietary)

 Treatment process efficacy also evaluated



Chemical markers in wastewater

• Untargeted high-resolution mass 
spectrometry   (LC/GC-HRMS)

 >7,500 compounds detected



Validation of markers in wastewater (LC-MS/MS)



WBE Data Analysis
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൙
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𝐶𝑎𝑓𝑓

𝑀𝑎𝑥

Wwrp = WRP % Population 
Conc = gene concentration (gc/L)
Flow = WRP flow (L)
Caff = Caffeine concentration (µg/L)
Suc = Sucralose concentration (ug/L)



WBE Data Analysis

• In a low prevalence 
situation, chemical marker 
normalization is reduced 
when compared to flow-
based analysis. 

 Flow normalized data –
0.819

 Flow/caffeine normalized 
data – 0.854

0.4 0.5 0.6 0.7 0.8 0.9 1.0

% Detection (WBE)

% Detection (WBE/Caff)

% Detection (WBE/Suc)

Normalized conc (WBE)

Normalized conc (WBE/Caff)

Normalized conc (WBE/Suc)

Active COVID-19 Cases

Correlation coefficient

Highest 
correlation



WBE of SARS-CoV-2 in Singapore
• Epidemiology data

 3 waves: initial; Delta; (rising) 
Omicron

• Sewages from WWTPs

 416/1009 positive

 Differential sensitivity of 3 
genes during different waves

– S gene was consistently negative 
during January 2022 despite high 
signals in the other two genes

 Important to use multiple gene 
targets

Detection limit 
~0.001% 

(~1 case in 100,000)



WBE of SARS-CoV-2 in Singapore

Sampling boundaries for community
level/point-of-source WBE analysis and visited
places by active COVID-19 cases, different
colors represent a different week in the 28
weeks monitoring period.



Anion Exchange & ICP-MS Techniques:
• Rapid analysis of virus particles in under 10

minutes from sample to results

• Strong anion-exchange Bio-monolith HPLC
column

• System: Agilent Bio-Inert 1260 Infinity II HPLC

• Use of metal tagged Abs for specificity and lower
detection limits
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Water/wastewater treatment Evaluations
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Water/wastewater treatment Evaluations

• RT-qPCR and FFA assays 
offers different inactivation 
curves

4-log dose (35 mJ.cm2 vs. 83 
mJ.cm2)

• Increased dose needed for 
UF filtrate samples (Higher 
UV254 nm absorbance); 136 
mJ.cm2 
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Filtration Membrane Evaluations
Polymeric Membrane Test



Conclusions of WBE in Singapore



Virtual NEWRI Tour:
https://tinyurl.com/y42pwqjo

Virtual NEWRI Waste-to-
Energy Tour:
https://tinyurl.com/y37zgjra
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