Removal Performance of SARS-CoV-2 in Wastewater by
Membrane Bioreactor, Anaerobic-Anoxic-Oxic and

Conventional Activated Sludge Processes
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This graph shows the average number of virus particles per 100,000 inhabitants over time.
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Figure 1. Accumulation of COVID-19 confirmed cases and death in the world. _ ~~" == = =0 =
Circles show number of confirmed coronavirus cases per country. R

Figure 2. surveillance of SARS-CoV-2 RNA in wastewater
Source derived from : Johns Hopkins University, national public health agencies

Figures last updated 4 October 2021, 10:13 BST Source derived from : https://covid-tracker.chi-csm.ca/

https://coronadashboard.government.nl/landelijk/rioolwater
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® SARS-CoV-2 RNA was DETECTED in wastewater in Japan

® SARS-CoV-2 RNA was quantified 2400 copies/L in an
effluent of secondary-treated wastewater.
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* Presence of SARS-CoV-2 RNA in waste- SARS-CoV-2in WWTP influent
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* Presence of SARS-CoV-2 RNA was founded in wastewater
In two Prefectures in Japan.
® Wastewater-based epidemiology (WBE) act as an early
warning of COVID-19 outbreaks in Japan




Background: nonenveloped virus an
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Background: removal of nonenveloped viru

Kumar et al., (2021) npj. Clean Water. https://doi.org/10.1038/s41545-021-00098-2

® The typical concentration of influent
MBR: 10° copies/L-10° copies/L
CAS : 102 copies/L-101° copies/L
e A20 : 10! copies/L-102 copies/L
0.53 log (CAS)

36log(Mer)  After chlorination:10? copies/L-10" copies/L
0.5-2 log (A20)

® The concentration of effluent
MBR: 102 copies/L-10* copies/L

CAS: 10! copies/L-10° copies/L

A20 : 10? copies/L

After chlorination:10° copies/L-10° copies/L

SARS-CoV-2 is unknown

Fig.2 Typical log removal values (LRVs) of viruses in the wastewater treatment process. CAS conventional activated sludge process, MBR
membrane bioreactor process, A20 anaerobic-anoxic-oxic process, UV ultraviolet disinfection, MF microfiltration, UF ultrafiltration.



Objective: investigate removal of SARS-

®To clarify removal performance of SARS-CoV-2 in real WWTPs.

®To compare removal performance of three secondary treatment processes
(MBR, CAS, A20) and chlorination in SARS-CoV-2 reduction.

®To evaluate applicability of PMMoV as a process control for SARS-CoV-2 in

wastewater.
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Method: sampling information a

Table 1. flow rate in conventional activated sludge, membrane bioreactor and anaerobic anoxic oxic process

Flow rate Until July Unit in August and later  Unit
1st train (CAS+MBR) 24,000 m3 or 34,000 m3 Isttrain 24,000 m3/d 34,000 m3/d
2nd train (A20) 38,000 m3/day MBR 14,000 m3/d 14,000 m3/d
flow ratio of CAS:MBR = 12000:10000 CAS 10,000 m3/d 20,000 m3/d
flow ratio of 1st (MBR+CAS):2nd (A20)= 240:380 until July 2nd train 38,000 m3/d 38,000 m3/d

flow ratio of 1st (MBR+CAS):2nd (A20)=340:380 since August

Table 2. Data on population coverage of WWTPs in the target city

Catchment area Population coverage Demgnec;l Population Coverage .populatlon
capacity (m3/y) (city)
Inf series ha persons persons person
WWTPs 4,281 270,104 276,735 840,000

Date: from May 28 to September 24, 2020

Sample volume: 250 mL of influent wastewater

10 L of secondary treatment effluents from CAS and MBR

9 samples of influent in each train, 9 samples in each process and 9 samples of final effluent of chlorination process




Method: detection of SARS-CoV-2 in the influent

Sodium N
chloride .'j l? powder

Influent supernatant 500ul PBS buffer
PEG precipitation | S U % =
(liquid phase) ~ ' 7
Shake overmght at4 °C 4°C, 10 OOOxg, 30mins l
ft—' )| RNA &0

4°C, 3,000xg, 5mins
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PEG precipitation

Concentrated by UF membrane Shake overnight  4o¢ 10,000xg, 30mins extractionPCNI
at 4 °C by qPCR




Results: SARS-CoV-2 in Influent and CO
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Figure 1. Comparison of SARS-CoV-2 RNA concentration in influent (log10 copies/L) and newly confirmed cases.
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' the Total concentration of SARS-CoV-2 RNA was 3.3-6.0 log copies/L in\:
:\influent ’.




Results: LRV of CDCN1 after sec
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Figure 2. Concentration of SARS-CoV-2 in influent was in related to concentration of SARS-CoV-2 in effluent (log10 copy/L).
Blank stand in figure indicate that SARS-CoV-2 was positive in influent but negative in the corresponding effluent. *Notice:
MBR have never shown the reduction value < 2loqg.

Concentration of SARS-CoV-2 in

* The reduction of SARS-CoV-2 was mostly in range of 2-4 log in the three processes.
* SARS-CoV-2 RNA concentration in CAS effluent was N.D-2.91 log10 copies/L.

* SARS-CoV-2 RNA concentration in MBR effluent was N.D-1.96 log10 copies/L.

* SARS-CoV-2 RNA concentration in A20 effluent was 0.89-3.07 log10 copies/L.




Results: LRV of CDCN1 by each proces

7 % igfrmx Table 1. comparison of LRV of CDCN1 by each process and disinfection.
' B .20
6 - B Chlorination*
i B Total*
31 [ . Treatment process average
— 44
z | o CAS 3111
531 B i
B o l AO-MBR 3.5%0.65
> -
3 1] * A20 25%1.2
0
N Chlorination* >0.85%0.54
2l Total* >3.50.72

CAS AO-MBR A20 Chlorination* Total*

Figure 3. boxplot profile indicated distribution of LRV by CDCNL1 in (a) CAS, (b) AO-MBR process and (c) A20 process.
*chlorination represent minimum LRV, the real total LRV is higher than this min total LRV. *Notice: MBR have never shown the
reduction value < 2 logs.

® LRV of CDCN1 by MBR process (3.5 + 0.65 log) was more stable than CAS process (3.1 + 1.1 log).
® LRV of CDCN1 by A20 process (2.5 + 1.2 log) was not significantly different from CAS process (3.1 + 1.1 log)




Results: comparison with other studi

Table 2. comparison of removal of SARS-CoV-2 in various wastewater treatment processes.

Country Treatment processes Concentration in influent Concentration in effluent Log removal value (LRV) References
In WWTPs (log10 copies/L) (log10 copies/L) (Log10 copies/L)
Japan CAS 3.73-5.99 0.80-2.91 3.1£1.1
MEBR 3.73-5.99 1.16-1.96 3.520.65
My study
A20 3.26-4.41 0.86-3.07 2.5%11.2
chlorination 1.15-2.86 <0.83-1.30 »(0.97+0.50
Activated sludge 3.29+£0.67 2.26x£0.47 1.03+0.59
Spain,  activated sludge plus 3.65+0.68 2.28+0.70 1.3740.72 Serra-Compte etal., 2021
France .
nutrient removal
MEBR 3.89+£0.89 2.13£0.35 1.96+0.93
India CAS 3.17 2.40 0.77
chlorination 3.17 2.46 0.71 Kumaretal,, 2021
UASB 3.54 <L0Q(2.23) >1.3 Kumar et al., 2021
Paris WWTPs 4-7 ND-5 2 Wurtzer et al., 2020a
Secondary treatment
Spain (activated <3.53 <3.40 >0.1 Randazzoet al., 2020b

sludge/A20/extended
aeration), disinfection,
NaClo/uv

Wastewater treatment plant=WWTPs, Membrane bioreactor=MBR, Conventional activated sludge= CAS, Anaerobic-anoxic —oxic=A20, Upflow Anaerobic Sludge

Blanket=UASB, Limit of quantification=LOQ



Results: potential of PMMoV

Purpose of performance indicator virus in wastewater

® To check the removal performance of the target virus in wastewater
independent of outbreak situation in the sewershed.

Three requirements for performance indicator virus

1. To be abundant in wastewater
2. To have high concentration to be detected after treatment.
3. LRVis consistently lower than the target virus.



Results: potential of PMMoV as a perform
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Figure 4. Time series change with influent and effluent of PMMoV concentration (log10 copy/L).

v'1. PMMoV is always abundant in wastewater.

v'2. PMMoV is present at high concentration to be detected after treatment.



Results: potential of PMMoV as a pe
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V=X Table 3. comparison Log removal value of CDOCN1 and PMMoV
= 5 A - process | LRV by CDCN1 | LRV by PMMoV P value
O
s 4 MBR 3.5+0.65 2.610.66 0.031*
E 3 - o CAS 3.1+1.10 1.840.48 0.008**
> - o
-§ i * . > S A20 2.5+1.2 1.540.48 0.019*
| 0 DCN1> PMMoV Where, *= P<0.05: significant difference, * *= P<0.01: highly significant difference
| ] | ] 1
o 3 4 5 v'3.LRV of PMMOoV is lower than the SARS-CoV-2

V by CDCN1 . .y
¢ A20 series 2 PMMoV is a good performance indicator.



Mconclusions

v The total LRV after disinfection was 3.5 log or higher, which was higher than
typical LRV of nonenveloped enteric virus.

v' The removal of SARS-CoV-2 in secondary treatment by MBR (3.5 +0.65 log) was more
stable than CAS process (3.1 *1.1log)

v' The removal of SARS-CoV-2 in secondary treatment by A20 process (2.5 £ 1.2 log)
was not significantly different from CAS process (3.1 £1.1log).

v' PMMoV is a good indicator virus to evaluate removal of SARS-CoV-2 in WWTP.

Bl Acknowledgements

® JST CREST (Grant No. JPMJCR20H1)
® JSPS KAKENHI (Grant No. 19H02272)
® Grants by Hiramoto-Gumi Inc. and I-Tech Muramoto Co. Ltd.

B Contact Information

® Presenter: Rongxuan Wang Email: xawrxy@yahoo.co.jp
® Corresponding Author: Ryo Honda Email: rhonda@se.Kanazawa-u.ac.jp




B Supplementary: LRV by CAS, MB

(a) CAS process (b) MBR process (c) A20 process
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Figure 1. CDCN1 concentrations in effluent and log removal values (LRV) in (a) CAS and (b) MBR process. The blank
mark means below the LOD (undetected). series 1 influent concentration in CAS and MBR process, series 2 influent

concentration in A20 process.

( SARS-CoV-2 RNA concentration in CAS effluent was N. D—
. 2.91 log10 copies/L. '
| LRV in CAS process reached 3.1 £ 1.1 log. )

[ SARS-CoV-2 RNA concentration in A20 effluent was
: 0.89-3.07 log10 copies/L.
l LRV in A20 reached 2.5 £ 1.2 log.

(SARS CoV-2 RNA concentration in MBR effluent wa
, N.D-1.96 log10 copies/L. |
| LRV in MBR reached 3.5 £ 0.65 log. :



Supplementary: effluent concentration
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Figure 2. Comparison of SARS-CoV-2 RNA concentration in effluent. Blank plots
stand for below the lower limit of quantification (LOQ), indicating that the true

value is possibly lower than the
Table 1. LOD an

lotted value.
LOQ of effluent in each process

Average LOD Average LOQ

(log10 copy/L) (log10 copy/L)
CAS effluent 1.11+0.15 2.59+0.15
MBR effluent 1.10+0.15 2.58+0.14
A20 effluent 1.01+0.19 2.48+0.19




Supplementary: removal of enteric virus in wast

Table 2. Summary of virus concentration and log removal values in various (A) wastewater treatment, and (B) disinfection processes.

Wirus Process of WWTPs Concentration in influent Concentration in final LRV ilog References
(copies/L) effluent (copies/L) reduction)

{A) Wastewater Treatment Systems

Gl-Norovirus CAS 4%10°-8.2x10° 1.4x10°-25 % 10* 0.50-2.87 ol
MBR 10°-10° 1%10*-1x10* 2.40-4.30 =R
AZO 1x10"-1x 107 1x10° 1-2 e
Trickling filter 1.5%10"-1x10° 1x107'-1.5x%10° 1.5-35 o
WSsP 1x10'-1x10° 1.4%10°-25 %107 0.5-2 M1

GlI-Noravirus CAS 4x10°-8.2x10° 1.4%x107'-25x 10° 15-3 i
MBR 10°-10® 1% 10°-1x10° 1.1-5.3 M
A20 1x10'-1x10° 1% 10° 1-2 s
Trickling filter 1.5x10"-1x10° 1x10'-1.87 x 10" 25-35 i i
WsP 1.5x10%-1x 107 1%107'=1x 108 0.5-15 MR

GIV-Norovirus-  CAS 1x10*1.5%x10° 1.4%10 '-2.5x% 10 4-5 Lo
Trickling filter 1.5x10°-1x10° 1x10'-1.87x10° 2-4 s

Murine Morovirus CAS - - 2-3 e
MBR - - 1-3 b
AZO = = 0-1 e

PMMoV CAS 1x10%1x10" 1% 10°-2.5x% 10° 2-3 Ly
MBR 1x10°-1x10° 1%10°-1x10* 0.70-2 e
Trickling filter 1x10°-1x10° 1x10°-2.5%10° 0.5-1 e

Adenovirus CAS 1x10%-1%x10° 1% 10°-2.5x 10 2-3 Lt
MBR 1x10°-1 x10° 1%10'-1 % 10° 3.7-56 IR
AZO 1x10°-1 x 10° 1x10*-1x10° 0.4-1.6 e
Trickling filter 1x10°-1x10° 1% 10%1%10° 0.5-2 o
WSP 1x10'-1x10° 1x10°1x 10" 0.7-1 ey

Enterovirus CAS 1x10*-1 x10° 1x10°-2.5x 10’ 0.5-2.5 I
MBR 1%10°-1x10° 1% 10%-1 % 10° 1.52-3.89 e e e Ll Lk
A20 1x10°-1x10° 1% 10°-1 x 10*° 0.5-1 -
Trickling filter 1x10°-1x10° 1x10°-1x10° 25-3 .




Supplementary: parameters VS LRV by CDCN1 in C
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PEG precipitation with centrifuge
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¢

precipitation
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PEG pellet:  Xp =Xy inextract: Ko TXeroyr in cDNA: RT = Vt -
p

Concentration factor by PEG precipitation: %

Total virus concentration in wastewater Vp

Xp Xt V V VRT Concentration factor by RNA extraction: !
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PEG precipitation without centrifuge 2

copy
wastewater  wastewater PEG number
1ot pellet PEG RNA RT cDNA PCR PCR in
= = pellet extract  template solution template MIX PCR mix
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. NG o transcription
concentration N precipitation

b b
Va Vi Vo V, Vo Ve Ve Ver Vi
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p
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Dilution factor by RT:



