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Population of over 5.8 million
- - Density of 7,810 people per km?
: Land area : 728 km?
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During the height of the pandemic,
Singapore was essentially closed to

The Linggiu Reservoir regulates

N nggiu gje :‘Iow.of thetJot)otr Rtir\:er,.
\ﬂ BN o c.opicment the natural flow: the outside world.
This enables the reliable
abstraction of raw water at
the Johor River Waterworks
\ for treatment. - ) .
Johor River Singapore’s water system is closely
Sl oo - ° °
\ monitored, precise/accurate data
.‘ . .
Igzr.;t::;g% sigﬁ'l"g\géa;?m?;ﬁ; / = Johor River Barrage a re rea d I Iy ava | Ia b I e .

water from the Johor River
for treatment.

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

MALAYSIA

Treated water from
Johor River Waterworks
is piped to Singapore

Epidemiological data/testing
available for the entire country.
SINGAPORE

GOAL: Model and normalize SARS-
CoV-2 virus to anthropogenic
markers (population predictions).



o Tengeh Reservoir
9 Poyan Reservoir
9 Murai Reservoir

0 Sarimbun Reservoir

6 Kranji Reservoir

o Jurong Lake
o Pandan Reservoir

0 Upper Peirce Reservoir

IMPORTED
WATER

-

WATER FROM
LOCAL CATCHMENT
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() Water Catchment

O Upper Seletar Reservoir @ Marina Reservoir @ Bedok Reservoir
@ Lower Seletar Reservoir @ Punggol Reservoir m Tekong Reservoir

@ MacRitchie Reservoir DESAL'NATED
WATER

m Lower Peirce Reservoir @ Serangoon Reservoir



Entire Country Monitoring of all WWTPs - S

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

» Heat Inactivation upon sample receipt (BSL2)

s Ultrafiltration followed by vacuum concentration

N ———

» Automated extraction of nucleic acid

RNA Recovery (%)
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%

% 4-plex RT-qPCR with 3 SARS-CoV-2 gene targets (Proprietary) - U':ﬁﬁ:‘:m °RF1TUFA350239"9
8 UF UPW 1000 gc/L 8 UF AS 1000 gc/L
< Treatment process efficacy also evaluated % NA Exraction UPW 1000 gell % NA Extaction AS 1008 gL

Nucleic Acid Extraction
Vacuum Concentration (Automated/Magnetic
and Reconstitution Beads — M52 phage
control)

Heat Inactivation (60 °C Centrifugation (large
for 90 min) debris)— 250 mL tube
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Chemical markers in wastewater DataAcquistion  DataProcessing  StatstiaalData

Analysis

LC-QTOF (6550/6560) M MassHunter Profinder TS “gf;fse:fj::{ 4-»
PN

* Untargeted high-resolution mass ) |- e - I
spectrometry (LC/GC-HRMS)

% >7,500 compounds detected # . i R B o

Professional Software

O Steroid/Hormone

@ Pharmaceutical

O Personal-care product

O Illicit drug/metabolite

B Industrial/commercial chemical
B Drug/metabolite

@ Consumer chemical

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

Concentration (ng/L)
Mean SEM Min Max
Acesulfame 31162 3722 7507 164695
Acetaminophen 51507 2534 10261 95539
Ametryn 5 1 <LOQ 59
Amlodipine 2639 434 233 10735
Atenolol 8084 741 800 30460
Atrazine 193 35 <LOQ 1189
* caffeine 92485 2279 50291 136274
Carbamazepine 246 11 42 473
DEET 1627 165 241 5611
Diclofenac 223 41 <LOQ 1125
Gliclazide 23 7 <LOQ 205
Hydrochlorothiazide 323 27 <LOQ 940
lohexol 29317 2611 11098 139063
lopromide 1385 175 <LOQ 4633
Simvastatin 2505 489 <LOQ 13529
Sucralose 21282 1139 8033 45749
Sulfamethoxazole 359 28 67 847
TCEP 135 15 <LOQ 506
Triclocarban 954 53 49 1759
Triclosan 1028 113 28 3269

* Selected to be marker for WBE normalization
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Mass load (pg/day.person)
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G.

WBE Data Analys

Norm Conc (WBE) =

Conc x Flow
denes (erp X ( Caff ))

Norm % Detection (WBE/Caff)
Norm Concentration (WBE/Caff)

Norm New Cases (MOH)

Norm Active Cases (MOH)
Norm % Detection (WBE)

Norm Concentration (WBE)
Norm % Detection (WBE/Suc)
Norm Concentration (WBE/Suc)

Max

Norm New Cases (MOH)

Norm Active Cases (MOH) W._ = WRP % Population

wrp
Conc = gene concentration (gc/L)
Flow = WRP flow (L)
Caff = Caffeine concentration (ug/L)

Suc = Sucralose concentration (ug/L)

Norm % Detection (WBE)

Norm Concentration (WBE)

Norm % Detection (WBE/Caff)

- 1 0.7

Norm Concentration (WBE/Caff)

Norm % Detection (WBE/Suc) - 10.6

Norm Concentration (WBE/Suc)
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I WBE Data Analysis

Active COVID-19 Cases
* In a low prevalence

situation, chemical marker Normalized conc (WBE/Suc): 0
normalization is reduced Normalized conc (WBE/Caff) o
when Compa.rEd to flow- Normalized conc (WBE); 0
based analysis.
¢ Flow normalized data — % Detection (WBE/Suc) — o—
0.819 Highest
- % Detection (WBE/Caff) (— @ coreiavon
** Flow/caffeine normalized % Detection (WBE)] o
data-084 e

04 05 06 0.7 0.8 09 1.0
Correlation coefficient
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WBE of SARS-CoV-2 in Singapore
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0.010%
0.005%

0.002%
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* Epidemiology data

+* 3 waves: initial; Delta; (rising)
Omicron

* Sewages from WWTPs
s 416/1009 positive

o%

» Differential sensitivity of 3
genes during different waves

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

L)

L)

* Important to use multiple gene
targets

(%) @ouejeaald 61L-AINOD

Detection limit
~0.001%
(~1 case in 100,000)
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WBE of SARS-CoV-2 in Singapore

1 '0- — Active Cases (reported)
— New Cases (reported) 0 \ \
-- Multiplexed WBE 5 «f
0_8- -- N gene (WBE) Jol
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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.

Normalized COVID-19 Prevelance
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Anion Exchange & ICP-MS Techniques:

e Rapid analysis of virus particles in under 10
minutes from sample to results

 Strong anion-exchange Bio-monolith HPLC
column

[ [ o o ;
* System: Agilent Bio-Inert 1260 Infinity Il HPLC |
B
» Use of metal tagged Abs for specificity and lower |
» ° . - T Nano particle sam =
LET 9 detection limits b5
. J -l 2 HCoV_0C43 - QA Biomonolith 15
- 20 100 HCoV-OC43 Virus Titre by SAX Bio-monolith HPLC
r 1 = 104 1]
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I Water/wastewater treatment Evaluations

o e

HCoV-0C43 Removal by Chlorination (FFA)

Free Chlorine residual =1 mg/L

HCoV-OC43 Removal by Chlorination (RT-gPCR)
1 Free Chlorine residual =2 mg/L

log,p removal
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Time (min)

o

Time (min)
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I Water/wastewater treatment Evaluations

UV Disinfection
* RT-gPCR and FFA assays

offers different inactivation
curves

o RT-qPCR (Tap Water)
= - 4 FFA (Tap Water)
RT-qPCR (UF Filtrate)

¢ 4-log dose (35 mJ.cm? vs. 83
mJ.cm?)

log,o removal

® N DA N

* Increased dose needed for
UF filtrate samples (Higher
UV254 nm absorbance); 136 - - - - -

50 100 150 200 250

2
mJ.cm UV Dose (mJ.cm2)
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Filtration Membrane Evaluations

Polymeric Membrane Test oo
y e A) ¢, B)
30k Da 5.51 6.0, B PES (100k Da)
10k Da X 5.0 SRS =erviond b
3 @ 5.0 o cellulose (30k Da)
g d ns 245
De g 4.0 - I ns ns I = 4.0 ] *k ns ns TR
g 3.51 ! e 3. = | [ ]
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Ceramic Membrane Test

1 ) Ceramic Membrane A) B)

Set-up 4.0, = 2min 3007
vyl = 10 min
\ g 3.51 £ 20 min 250
/ ] 21 30 min 1M
= 3.0 R R W‘;L:ﬂ L.L;%H A SR P
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E ns ns E \
: 2L 2.0 | " it ] ‘:I;150'l_
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£ ]
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v i
SOm Filtrate 2 0.51 |-_‘ >0
Positive Control: Filtrate Taken @ 0.0 . . 0 T T T T T 1
T — T 10720 €0 RO Permeate MF Permeate 0:00 0:05 0:10 0:15 0:20 0:25 0:30
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Conclusions of WBE in Singapore

~5.7 millio
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Fluorescence

Cycles

Local regression (moving average) - LOWESS

== Norm Active Cases (MOH)
== Norm New Cases (MOH)
- Norm Concentration (WBE)
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For more information:

Prof. Shane A. Snyder
Executive Director
ssnyder@ntu.edu.sg

https://www.linkedin.co
m/in/snydershane/

Virtual NEWRI Tour:
https://tinyurl.com/y42pwgjo

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

Singapore 637141

(+65) 6513 7363 / 6908 3399
AskNEWRI@ntu.edu.sg
http://newri.ntu.edu.sg
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