Appendix F

Appendix D	Table S2 Recovery of phages and viruses employed as whole process controls (WPC) from different water matrices from selected studies. Viral concentration (primary and/or secondary) and elution methods, and the sampling volumes are presented. Asterisk (*) denotes onsite concentration of samples from different water matrices.




ELECTRONEGATIVE FILTRATION


	[bookmark: _Hlk136341664][bookmark: Appendix_E_Instructions_given_by_CEH_to_][bookmark: _bookmark80]SAMPLING VOLUME (L)
	MATRIX
	CONCENTRATION AND ELUTION DETAILS
	PROCESS CONTROLS
	VIRADEL RECOVERY %
	REFERENCES

	
	
	PRECONDITIONING
	SECONDARY
	TERTIARY
	ELUANT
	TYPE OF PROCESS CONTROL
	WHOLE PROCESS CONTROL
	
	

	60L
	Treated wastewater
	0.25 M AlCl3 was passed through a 0.45-μm HA filter (Sigma-Aldrich, France)
	CeUF Amicon
	none
	NaOH
	WPC
	Armored-RNA Quant (ARQ) 
	69.77%
	(Nour et al., 2021)

	60L
	Treated wastewater
	0.25 M AlCl3 was passed through a 0.45-μm HA filter (Sigma-Aldrich, France)
	CeUF Amicon
	none
	NaOH
	WPC
	RotaV
	64.25%
	(Nour et al., 2021)

	 (40 L)
	River water
	 MgCl2 addition upto 25 mM concentration
	CeUF Centricon
	none
	NaOH
	WPC
	PolioV
	8.8-10
	(Hata et al., 2015)

	10 to 15, mean 14
	
	 
	none
	none
	acid rinse–alkaline elution 
	Whole process control, MS2 added after elution; Molecular control (CGMMV) (RNA extrcation and PCR); AdV type 5 (DNA extraction and PCR)
	#MS2, CGMMV
	WPC, MPC  ≥10%
	(Canh et al., 2021)

	10 to 15, mean 14
	
	 
	none
	none
	
	Whole process control, MS2 added after elution; Molecular control (CGMMV) (RNA extrcation and PCR); AdV type 5 (DNA extraction and PCR)
	#MS2, CGMMV
	WPC, MPC  ≥10%
	(Canh et al., 2021)

	40L
	
	none
	none
	none
	NaOH
	WPC
	PV
	2.9-100
	(Hata et al., 2015)

	5-6 L
	
	 
	MgCl2 flocculation-electropositive filtration
	none
	Lysis buffer
	Whole, molecular ( RNA extraction efficiency)
	!MNV
	0.005–1.8%
	(Miura et al., 2019

	5-6 L
	
	 
	
	none
	
	Whole, molecular ( RNA extraction efficiency)
	!MNV
	7.4–68%
	(Miura et al., 2020

	5-6 L
	
	 
	
	none
	
	Whole, molecular ( RNA extraction efficiency)
	!MNV
	WPC 9-54%
	(Miura et al., 2021

	5-6 L
	
	 
	
	none
	
	Whole, molecular ( RNA extraction efficiency)
	!MNV
	0.005–1.8%
	(Miura et al., 2022

	5-6L
	
	after 2 conc, membrane used directly, not eluted.
	Electronegative filtration
	noe
	H2SO4-NaOH
	Whole, molecular ( RNA extraction efficiency)
	!MNV
	WPC 9-54%
	(Miura et al., 2023

	20L
	
	no elution
	none
	none
	none
	WPC
	!MNV
	 1-100% (average 25%) for groundwater samples; 12% to 86% (GM, 39%) while method development for
	 

	0.5-2 L
	
	preconditioning by preacidification
	none
	none
	none
	WPC
	na
	HF183 41 - 51%, CPQ_056 38- 57%, PMMoV 19-32%
	(Ahmed et al., 2019)

	750 mL
	Groundwater
	HCl (1 mol l)1) was used to adjust the water sample pH to 3.5
	none
	none
	(1% beef extract, 3% Tween-80 and 0.5M NaCl
	WPC
	Somatic coliphage
	77 ± 26%
	(Helmi et al., 2011)

	750 mL
	Groundwater
	HCl (1 mol l)1) was used to adjust the water sample pH to 3.5
	none
	none
	(1% beef extract, 3% Tween-80 and 0.5M NaCl
	WPC
	F-specific coliphages 
	66 ± 33%
	(Helmi et al., 2011)

	(20 L)
	Milli-Q water 
	 MgCl2 addition upto 25 mM concentration
	CeUF Centricon
	none
	NaOH
	WPC
	PV
	12%
	(Hata et al., 2015)

	(1,000 L)
	
	 MgCl2 addition upto 25 mM concentration
	CeUF Centricon
	none
	NaOH
	WPC
	PV
	13-16%
	(Hata et al., 2015)

	150-500, average 365L
	
	 
	none
	none
	acid rinse–alkaline elution method, elution same direction as filtration
	WPC, MPC Whole process control, MS2 added after elution; Molecular control (CGMMV) (RNA extrcation and PCR); AdV type 5 (DNA extraction and PCR)
	#MS2, CGMMV
	WPC, MPC  ≥10%
	(Canh et al., 2021)

	150-500, average 365L
	
	 
	none
	none
	acid rinse–alkaline elution method, elution same direction as filtration
	WPC, MPC Whole process control, MS2 added after elution; Molecular control (CGMMV) (RNA extrcation and PCR); AdV type 5 (DNA extraction and PCR)
	#MS2, CGMMV
	WPC, MPC  ≥10%
	(Canh et al., 2021)

	5 L
	
	none
	none
	none
	NaOH
	WPC
	PV
	46%
	(Hata et al., 2015)

	5 L
	
	none
	none
	none
	NaOH
	WPC
	PV
	55%
	(Hata et al., 2015)

	750 mL
	
	HCl (1 mol l)1) was used to adjust the water sample pH to 3.5
	none
	none
	(1% beef extract, 3% Tween-80 and 0.5M NaCl
	WPC
	F-specific RNA bacteriophages and somatic coliphage
	Somatic : 77 ± 17%, F specific 65 ± 23%
	(Helmi et al., 2011)





ELECTROPOSITIVE FILTRATION
	SAMPLING VOLUME (L)
	MATRIX
	CONCENTRATION AND ELUTION
	PROCESS CONTROLS
	VIRADEL RECOVERY %
	REFERENCES

	
	
	PRECONDITIONING
	SECONDARY
	TERTIARY
	ELUANT
	TYPE OF PROCESS CONTROL
	WHOLE PROCESS CONTROL
	
	

	5 L
	Surface water
	 
	none
	none
	Glycine beef extract (pH 11+ Tween 80, overnight)
	WPC
	Transmissible gastroenteritis virus (TGEV) and HAV 
	Ads:45.6, Elu:86.7
	(Blanco et al., 2019)

	710
	
	 
	organic flocculation
	Centrifugation (VivaspinR concentrators)
	Beef extract 
	Whole process control, added to the water before leution.
	#MEngo
	<5% for WPC
	(Salvador et al., 2020)

	20L
	
	 
	pH flocculation-centrifugation
	Ultracentrifugation
	1% beef extract, glycine, Tween 80 , sodium polyphosphate
	WPC, MPC, qPCR
	AdV
	 WPC 18-42% ,  MPC and qPCR : ΔCt <2
	(Prevost et al., 2016)

	500 mL
	Ground water
	none
	none
	none
	(1% beef extract, 3% Tween-80 and 0.5M NaCl
	WPC
	F-specific RNA bacteriophages and somatic coliphage
	Somatic : 89 ± 8%, F specific 22 ± 14%
	(Helmi et al., 2011)

	2713 (1088–5065L)
	Drinking water
	 
	pH flocculation-centrifugation
	Ultracentrifugation
	1% beef extract, glycine, Tween 80 , sodium polyphosphate
	WPC, MPC, qPCR
	AdV
	 WPC 18-42% ,  MPC and qPCR : ΔCt <2
	(Prevost et al., 2016)

	500 mL
	
	 
	none
	none
	none
	WPC
	!MNV
	Filter 1

Norovirus GI undil 43.13 ± 15.53
10-fold diluted 68.61 ± 28.95
Norovirus GII Pure 15.70 ± 7.15
10-fold diluted 21.30 ± 10.78
HAV Pure) 4.18 ± 2.05
10-fold diluted 6.03 ± 1.09
MNV-1 19.75 ± 11.05
	(Hennechart-Collette et al., 2020)

	500 mL
	
	 
	none
	none
	none
	WPC
	!MNV
	Filter 1

Norovirus GI undil 43.13 ± 15.53
10-fold diluted 68.61 ± 28.95
Norovirus GII Pure 15.70 ± 7.15
10-fold diluted 21.30 ± 10.78
HAV Pure) 4.18 ± 2.05
10-fold diluted 6.03 ± 1.09
MNV-1 19.75 ± 11.05
	(Hennechart-Collette et al., 2020)

	500 mL
	
	none
	none
	none
	Beef extract, Tween-80, NaCl
	WPC
	F-specific RNA bacteriophages and somatic coliphage
	Somatic: 68 ± 21%, F speicifc 13 ± 9%
	(Helmi et al., 2011)

	500 mL
	
	 
	none
	none
	none
	WPC
	!Noro MNV
	Filter 3
Norovirus GI Undil 62.41 ± 7.86
10-fold diluted 125.89 ± 31.88
Norovirus GII Undil 37.42 ± 18.33
10-fold diluted 54.10 ± 4.44
HAV Undil 3.47 ± 0.64
10-fold diluted 4.55 ± 0.80
MNV-1 33.75 ± 14.43
	(Hennechart-Collette et al., 2020)





ULTRAFILTRATION[bookmark: _Hlk136341667]Copyright of UKWIR

	SAMPLING VOLUME (L)
	MATRIX
	CONCENTRATION AND ELUTION
	PROCESS CONTROLS
	VIRADEL RECOVERY %
	REFERENCES

	
	
	PRECONDITIONING
	PRIMARY
	SECONDARY
	TERTIARY
	ELUANT
	TYPE OF PROCESS CONTROL
	WHOLE PROCESS CONTROL
	
	

	40 L
	Reclaimed water
	none
	Dead end ultrafiltration
	Celite precipitation
	none
	Tween 80, NaPP,AntifoamY-30
	WPC
	PP7 phages
	7.81-111.99% for PP7 bacteriophage
	(Prado et al., 2019)

	10L
	
	 
	
	PEG precipitation
	none
	
	Whole process control
	PRD1, SP phages
	86-139% PRD1, 90-127% SP by qPCR
	(Bailey et al., 2018)

	10L
	
	 
	
	PEG precipitation
	none
	
	Whole process control
	PRD1, SP phages
	86-139% PRD1, 90-127% SP by qPCR
	(Bailey et al., 2018)

	10 L
	Treated wastewater
	the membrane was washed with 1 L of 0.01% sodium polyphosphate as described previously (Hill et al., 2005)
	TFUF
	PEG precipitation
	none
	Beef extract
	WPC
	#MEngo
	10-100%
	Critical Evaluation of CrAssphage as a Molecular Marker for HumanDerived Wastewater Contamination in the Aquatic Environment

	10L
	
	the membrane was washed with 1 L of 0.01% sodium polyphosphate as described previously (Hill et al., 2005)
	
	PEG precipitation
	none
	
	WPC
	#MEngo
	WPC % recovered (SD)
	(Farkas et al., 2018a)

	10L
	
	the membrane was washed with 1 L of 0.01% sodium polyphosphate as described previously (Hill et al., 2005)
	
	PEG precipitation
	none
	
	WPC
	#MEngo
	47.33 (34.12)
	(Farkas et al., 2018a)

	10 L
	River water
	the membrane was washed with 1 L of 0.01% sodium polyphosphate as described previously (Hill et al., 2005)
	
	PEG precipitation
	none
	Beef extract
	WPC
	#MEngo
	10-100%
	Critical Evaluation of CrAssphage as a Molecular Marker for HumanDerived Wastewater Contamination in the Aquatic Environment

	10L
	
	the membrane was washed with 1 L of 0.01% sodium polyphosphate as described previously (Hill et al., 2005)
	
	PEG precipitation
	none
	Beef extract
	WPC
	#MEngo
	WPC % recovered (SD)
	(Farkas et al., 2018a)

	10L
	
	the membrane was washed with 1 L of 0.01% sodium polyphosphate as described previously (Hill et al., 2005)
	
	PEG precipitation
	none
	Beef extract
	WPC
	#MEngo
	59.46 (40.6)
	(Farkas et al., 2018a)

	10 L
	
	the membrane was washed with 1 L of 0.01% sodium polyphosphate as described previously (Hill et al., 2005)
	
	PEG precipitation
	none
	Beef extract
	WPC
	#MEngo
	10-100%
	(Farkas et al., 2018b)

	100 mL
	DW (n=42) and PBS
	Each water sample was treated with 0.5 mL/L of a 10% w/v solution of sodium thiosulfate (if chlorine may have been present) and 10% sodium polyphosphate (NaPP) prior to concentration. 
	
	CeUF Centricon
	none
	Tween® 80, NaPP, Antifoam Y-31
	WPC
	#MS2
	109%
	(Mapp et al., 2016)

	100 L
	
	Each water sample was treated with 0.5 mL/L of a 10% w/v solution of sodium thiosulfate (if chlorine may have been present) and 10% sodium polyphosphate (NaPP) prior to concentration. 
	
	CeUF Centricon
	none
	
	WPC
	#MS2
	48%
	(Mapp et al., 2016)

	100 mL
	
	Each water sample was treated with 0.5 mL/L of a 10% w/v solution of sodium thiosulfate (if chlorine may have been present) and 10% sodium polyphosphate (NaPP) prior to concentration. 
	
	CeUF Centricon
	none
	
	WPC
	#MS2
	110%
	(Mapp et al., 2016)

	40 L
	
	Each water sample was treated with 0.5 mL/L of a 10% w/v solution of sodium thiosulfate (if chlorine may have been present) and 10% sodium polyphosphate (NaPP) prior to concentration. 
	
	CeUF Centricon
	none
	
	WPC
	#MS2
	38%
	(Mapp et al., 2016)





PRECIPITATION/ FLOCCULATION


	SAMPLING VOLUME (L)
	MATRIX
	CONCENTRATION AND ELUTION
	PROCESS CONTROLS
	VIRADEL RECOVERY %
	REFERENCES

	
	
	PRECONDITIONING
	PRIMARY
	SECONDARY
	TERTIARY
	ELUANT
	TYPE OF PROCESS CONTROL
	WHOLE PROCESS CONTROL
	
	

	60L
	Treated wastewaer
	 
	PEG preicpitation-centrifugation
	none
	none
	none
	WPC
	Adeno
	9.70%
	(Nour et al., 2021)

	10L
	Lake water
	pH 3.5
	Skimmed milk flocculation- Centrifugation
	none
	none
	none
	WPC
	Noro GI
	48 ± 2
	(Borgmästars et al., 2021)

	10L
	
	pH 3.5
	
	none
	none
	none
	WPC
	#MEngo
	48 ± 2
	(Borgmästars et al., 2021)

	10L
	
	none
	Lanthanum Flocculation- Centrifugation
	none
	none
	none
	WPC
	Noro GI
	17 ± 2
	(Borgmästars et al., 2021)

	10L
	
	none
	
	none
	none
	none
	WPC
	#MEngo
	17 ± 2
	(Borgmästars et al., 2021)

	10L
	Drinking water
	pH 3.5
	Skimmed milk flocculation- Centrifugation
	none
	none
	none
	WPC
	Hep A
	110 ± 13
	(Borgmästars et al., 2021)

	10L
	
	none
	Lanthanum Flocculation- Centrifugation
	none
	none
	none
	WPC
	Hep A
	59 ± 48
	(Borgmästars et al., 2021)

	450 mL
	Stream water
	 
	Ultracentrifugation
	none
	none
	none
	WPC
	na
	na
	(Hartard et al., 2016)

	500 mL
	Spiked bottled water
	 
	OTHERS Filter 2: Durapore uncharged membrane filter (HVLP) (Hydrophillic Polyvinylidene Difluoride), pore size of 0.45 μm (Sigma Aldrich, HVLP 04700). 
	none
	none
	none
	WPC
	MNV
	Filter 2
Norovirus GI Undil 13.43 ± 2.24
10-fold diluted 8.00 ± 7.91
Norovirus GII Undil 12.24 ± 1.44
10-fold diluted 13.33 ± 3.09
HAV Undil 2.64 ± 0.74
10-fold diluted 9.45 ± 13.69
MNV-1 15.78 ± 8.95
	(Hennechart-Collette et al., 2020)

	10L
	
	pH 3.5
	Skimmed milk flocculation- Centrifugation
	none
	none
	none
	WPC
	#MEngo
	37 ± 13
	(Borgmästars et al., 2021)

	10L
	
	none
	Lanthanum Flocculation- Centrifugation
	none
	none
	none
	WPC
	#MEngo
	25 ± 10
	(Borgmästars et al., 2021)
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