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Concentration of Enveloped Viruses in Wastewater by Centrifugal
Ultrafiltration Method
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Abstract: In view of the lack of methods for efficient concentration of enveloped viruses, this
paper systematically investigated the performance of centrifugal ultrafiltration method for concentration of
the bacteriophage Phi6 (taking it as a model enveloped virus) in wastewater. The recovery rate of Phi6
increased with the decrease of molecular weight cut-off of the ultrafiltration cartridge, however,
accompanying with the prolonged concentration time. Considering the recovery performance and time, it
was recommended to select the ultrafiltration cartridge with the molecular weight cut-off of 10 ku. Under
the conditions of 4 °C, forward centrifugation of 3 000g for 28 min and backward centrifugation of 1 000g

for 5 min, and 110 times of concentration ratio, the recovery rate reached (32+3.7)%.
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CoV V5 /K HE R GG REE WL o T WL AT ] 230
P UE B 20 A AL 7% T e 5 EORFEME COVID-19
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SRR R AR, 1 T pH L 3. 3, A FH
28K HL 6T 118 BB 3 A W o /K v e A 2 R AT 1) 9 B A
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Phi6 W5 1R 7K 55 T 7 (5 B A 17 (7 ) st A= 4 T
{538 0> ) s Centricon Plus=70 ultrafilter A8 JE {57 (4% B3
o F B 4 5~ 3.10,.30 ku, Millipore ) 5 5 3 ¥ Uk
BUDHL B TAE R S5 1009 )

BRI F2 58 .1 L LBEEFRIE P IA 0. 06 g B
R B, Vs it S5 6 B 2 SR BB P, 121 CK 15
min, T4 CTFRA7E , AT 11 H .

LB [EfARIE S5 1 L LBIRAAIG R AT INA 1S ¢
MG, 25 121 CCK B 15 min J5 , IR 28 (48+1) °C, {5
NG o T T = 21 W A OO O % N R U 7 Y
L1

LB ERRE R 1 L LB R R 2 56 P A
7.5 g BihE, 4121 CKIE 15 min J5 , % T4 CT &
7, AN 18

40% 9 H I AR AE W R 4l K B 40% 1 H i
VSR, 2121 CCKH 15 min )5, & T 4 C A%

PBS 2% i : FRHX 8 g NaCl.0.2 g KC1.1.44 g
Na,HPO, 1 0. 24 g KH,PO,, ¥ fi# T 800 mL 4fi /K
FH 1 mol/L 3R BRI T pH{EZ 7. 4, MK ERE 1
LIRS ETRABES DR . 28121 CCKE 15 min
G, T4 CTIRAF AN 1A H
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=80 CHUH B R 43, A 200 L LB WA E: 37
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TR A AT I 4 T [ A 5 T, 1 TRV B R
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bR Y5 RN T 20 mL LB AR SR A, T
26 °C . 150 r/min FEATH KIEFE 12~16 h J57 , Bl 100
L5 ODg, ik 5] 0. 2 2647, FH 40% (% H i 5 1
1A )R A B T-80 CHR AT
1.3 EEENT KiE3E

65 WA SEE % 5 A W TR A 1 0 B 2 A I T AR
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T 26 CHEAL S FEAH AR 30 min; Q2 [ 14 B 55
PRI A 2 48 °CJ , U 3~4 mL 5 0. 1 mL i fif
R FRI A  RROR A 35T R TR A TR A
BRI OFRE AR B 7 37 b )28 [ A
B - ORI EE S |, FT T W B8 R 19 2850
FH TG RSB SR AR K LA 5 A i B TR
H]; @i A 100 WL LB ¥R 7= 32 48 A, 15l
RIEAB A BN ERSE SRS S & T 26 CHY
RR oM BR 3% 12~24 b, SRER B AR HhR 8 i B I
HIWE T BE ; DA 2~5 mL LB W i bs 35 5L % Al
B PACE TR T 2R IER: 4 h; @345 W5 18
RGBT, 5 000g (i 2500 4 1 03, 13 Vi
0. 45 pm JE MR UE LA 2SR AR B 0010 0. RIS
P ACB TR VTR 4 °CTF A UARAF I JE 22 A7, IR A7
HVHEAFT-80 CT .
1.4 BREEMNNE R E

H2 P RS R LA R A 2 50 C, 8 F
IR ER ORI o K AR I B AR i RO A T 3 AR R
HO. 1 mL 3 B 5 W5 GRS W, A 0. 9 mL i 5 45
FETE E R 3 mL e EARRE 73 PR A 5 57
BN JE 2 M b (1. 5% Biis ) R340, fili 2K [
A8 SR S R AT AR CAn SRR ARl G | 15 % S B
[ J5 NEEUR LR BN ) o Fop b WK 7R 3R A R
[ ), 818, 7E 26 C R 1535 14~18 h Z WLELH I g w5
PABE, IS RE R (R] o ULEE ST rb 174 5 1 B, 5 i
30~300 ™MW P BE )~ Al 15, TR R T AR R R
I AT A T YR 114 W R AR 80 < s TR AR 35 A0 (PFU/mL) =
IV T BRE 50 1 O A5 4
1.5 BLOBEEERE

B0 MR AR e 4 Phio M AR R AR W 1,

200 pL.
1.6x10° PFU/mL

Phi6 I P,:>Bsﬁﬁ.TPhi6U2%&]"{$ 00 mL 5 45
[?Mﬂ%ﬁ?&] 100f (_AFH sﬁp

3 ku IR :4 CT 3 000g 1E 1] E.L> 70 min, 1 000g K [AEE 5 min
10 ku#JEFE : 4 CF 3 000g 1F[7) 5.0 28 min, 1 000g & [ Y4 5 min}
30 ku U :4 CF 3 000g 1E [ E.L> 10 min, 1 000g K214 5 min

E1 BOBIRE SRS Phi6 EEENIEHE SR
Fig.1 Detailed procedures for bacteriophage Phi6

concentration by centrifugal ultrafiltration
I 200 L Phi6 BB AR A7 2 9, JH 100 A
PBS %5 10 B il £ B Phi6 W B IR TR . B 50 mL
KRG KA BT HEAK N 0. 5 mL W B AR TAE WL

RAJGAE4 CF #E 30 min, BUR & W7 HIE
O, 50 4 °C .5 000g .40 min, B F 15 W — 20
AR B O R MR ET AN TR B 4 T A R
fal , BRI S AN ]
2 #R53%w
2.1 BEEEBNNE

100 wL A [] 3 B A5 B W B 4K 5 900 L 1 32
RS TG TE AR SE R E h  A RKAF IR 2, FE
o, A A U IR PR R FUIA TS £ B~F 430
Ry W5 R A SR 22 10 1530 B EE A B 10°~10° 155 )5 S5 1
FHIRA AR T nTRVE Pk DA T H
AP H, 7 H T3 BT R DAL A I B ) [ I
BEAN o254, 0 5 11 (30~300 /I TR BE ) | I
BETHECH 37~40 A (3AFAT) |, TR 2] I TR AR RL
#r25° 3. 9x10° PFU/mL.

2

Mk B A 380 43 A
Fig.2 Titer analysis of bacteriophage Phi6
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1A IR BE ¥ Joa 1 1Y) U8 R 0 Phi6 I TR
A8 T SIS 00, JHE s RTAA T AR MR ANy 1. 60%10°
PFU/mL, 88 I8 e s AR N B4 0k o X LTS
IKIAR WG PR A) 4R 354 5 T AR VR0 HT T T 0 TR 4R
H515KRE R, Y areE— e RNk 4
BroT REM R —, — & ME R AR UE A5 KRBT R AN
FIFHARNG , 215 K P& A 1 22 8 S A T4 2%
PR T W B R 1 35 5%, 5 80800 R I AS 08 1R A
T B UE_FIRRE AR, SR TG 7K T Phi6 W I AL
M BER ] B AR 4k, I8 1 S KA T K (121 CK
P15 min) T4 B 2% BAE 2800 05K 1) 532 i), 245 2 D &
3o M TE AR5 15 KR A 30 min J5 W B RS R
PR A AR AL, IVRA G 30 min INFREESEAT 5 22
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JRARSE , LA TG K 2 A5 n] T s 52 56, AR 4 1
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Tab.1 Recovery effect of bacteriophage Phi6 by

ultrafiltration cartridges with different molecular

weight cut-off

ﬁ%’léj ‘{57]?71{11?”2%121 &= Yi??fﬁ;{ﬁlﬂmﬁ Fie | e
TR/ EROIREM | BB | |
ku (PFU-mL™") | mL |(PFU-mL™)
3 4.00x10° 0.45 | 5.37x10° |30+0.6|121+2.6
10 4.85%10° 0.45 | 5.63x10° |32+3.7|104£12
30 5.15x10* 0.45 3.87x10° |22+1.8| 68+5.6
P SR 1 11 2 S R R N 3 D e A NI

& QN E I o s R e S WS R Rl 4

FEONS T35 K JIHRIGE R A 46 S8 B T L

3.60

—o— RKFHTTK

2.70

2.25

WE AR /(10° PFU-mL™")

W& I ) /b
B3 nRi5 7K A Phi6 i A 4 BE A iE B 2R 4L
Fig.3 Variation of bacteriophage Phi6 titer with time in

spiked wastewater

AT RUHEDN , 7 BE A8 HR R 0 15 7K rh 8 A T
HA A X8 W B AR AN A A S, 25 Tk 4
VRO TR PS8 5 7 K IV Wk TR AR ) 2 K T B A
BI04 (ISR (3 1R B [T 1) 32 5 RE S A [
TBCBA 53 o e O B 0 5 7K v R T R Y e R
WARRCR o 3 ku 5 10 ku #0707 JBU i R AY [
1R T 100% , 73 A S5 PR Al fE 2 15 7K Hh ] (R Fk &
TR AW R AR RO A A, LA B R AR A

19K B I3 A A B ST52 0 1 5 K AR IS B8 40) 46 1
TR RSSO, ol 5% 1 1B T 975 7K R4 T Ak P 0 e
245 ALk L W T MRS (LR g, AR [T 1 A AR
(EER o I SCHRIEBT A R, H T e 4 W Wt 19 1
RO 55 W TR R AR WS 5 A 14 [T 5473 2
HT I B B SRR 7 s R B AR FEAR
WHFE NS S H AT A DGR, S 7 B <10
keu FS 5 R 8 0 98 A IS i 4 P R I s
% R ENER S A R A 3 e B U T R s ]
G DD R N ] ] IRE A AR X A5 g A4
B S AU IR 201 B O 10 ku By %
a7, 7 A B O 1] O 33 min IR EERFECN 1104510 4%
T, IR AR F (3243, 7) %
2.2.2 AU fERUN & WA OR

TE U8 A # B 07 O AR R B 2% A T, A
7] ¥4 44 7% A0S Phi W T 1A [T 3 Ry 52 i o R A
BA 031 JBURE D 10 keu AR D8 )8 I8 W 46 50 mLi5 K,
e A A5 H 53 10 30,55 110 4%, Wit B 4% [l ig 32 43 531
H(59+8.7)% . (36x1.3)%.(32+3. )% (WL 2) , 3
PP 8 T e 4 3% 2 0 W T AR [T A 377 A SR R )
A HES RO U R R TR AR BB R G

R2 FEIRGEFEET 57K Phi6 M E 4 59 E 3R
Tab.2 Recovery effect of bacteriophage Phi6 from

wastewater under different concentration times

AT \ TR
oty | R | RERE e | s
ERmL | Buss
(PFU-mL™) (PFU-mL™")
4.85x10°% 1.7 30 8.43x10’ 59+8.7
3.40x10% 0.9 55 6.83%x107 36+1.3
1.60%107 0.45 110 5.63%10° 32+3.7

2.2.3 RIS P E WA RUR

KA B IE T L R FH 50 mL. 0. 5 mol/L Y NaOH
VA VRO R DR R AT R B TR, AR W VR MRS L
A 70% O RARF LI M . 3R 3 W THifE
5 P X9 K e I R R TSR A S ), A A B 1Y)
Wt PR A T ARV R PR AR A BT 2R T 0BT
7 X8 WS AR ) RIS AT BT R B, R (3621, 3) %% 22
(28+0. 6) %, iX 1l G5 F A= o B2 AN BB 78 2k BB g
RTIREA o LN, (e g VR uE I &
FE— R R o 0 S %) e I, %o 7 R e R —
FE B FFE I 4 A 5 KA iR AR [l %
IS IAN K
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#3 BIREBEREXTK A Phi6 EE A BB R
Tab.3 Recovery effect of bacteriophage Phi6é from
wastewater before and after regeneration of

ultrafiltration cartridge

WERERT | Wi e | e 4 v
. PEVICUN . =] i
m B | EWRUN B | EARRLM
FH/mL /%
(PFU-mL™) ml,  |(PFU-mL™)
10 kufifa | 3.40%x10° 50 | 0.90 | 6.83x107 [36x1.3
10 ku FHA 1| 3.60%x10° 50 | 0.80 | 6.20x107 |28+0.6

10 ku FH2EFT| 3.60x10° | 250 | 3.75 | 5.94x107 [25+0.6

3 i

N T AL IR BE R A AR R 0 2 Phi6 I TR A 1Y)
B RA e BOR , R G HRIEAL T 15 K Phi6 I
PR VR A B0 IR TS R IR IE R A o T
[ | AR VR A A B A R R U e 1 R 38
TR AR (BT 3 7 LR S ), £ Ak BRI ] 55 W58 744 [l i
RORAG N B 40 B R 10 ku Y8 U8 4T 80O B
B, 348 DR vl 20 3% S0 0 B A 340 2 o0 0t A1 A ol
ROR TR, e & v S5 AN R A
G3F Bt R 10 ku (UE T, 7E 4 CZ&A4F T 3 000g 1E [7]
20> 28 min, 1 000g S [ Y5 5 min, A5 F5H0C0 110
5, % Phi6 I P& AR ) DS R ] 35 81 (3243, 7) %
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