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Abstract: Biological wastewater treatment is a process conventionally used to achieve wastewater
purification and resource recovery through the degradation of pollutants by microbial flora.
Bacteriophages, which are known to infect bacteria, are widely distributed viruses found in biological
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wastewater treatment systems. They can specifically control the microbial flora in wastewater, thereby
regulating sludge characteristics and affecting wastewater treatment performance. Therefore, it is vital to
study the distribution of bacteriophages and explore the significance of their activity in biological
wastewater treatment systems. This review summarized the distribution of bacteriophages in different
biological wastewater treatment processes and preliminarily analyzed methods of isolation, cultivation,
and identification of bacteriophages, along with the advantages and disadvantages of these methods. This
review also explored the following functions of bacteriophages: (1) regulating microbial community
structure and affecting wastewater treatment, (2) being used as an indicator organism for environmental
monitoring, (3) controlling pathogenic bacteria, sludge bulking, sludge foaming, and membrane fouling,
and (4) reducing sludge production. Additionally, this review expounded the associated influencing
factors, including temperature, pH, multiplicity of infection, and charged particles. Furthermore, this
review discussed potential problems that may be encountered during the practical biological wastewater
treatment process, along with corresponding solutions. Finally, this review proposed the prospective
development of the use of bacteriophages in the biological wastewater treatment process and aimed to
provide a reference for the development and application of biological wastewater treatment systems, in
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order to promote the healthy development of wastewater treatment.
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Table 1 Methods and characteristics of bacteriophages isolation, culture and identification
i H Ttem J17% Methods fit. /5. Advantage fift 55, Disadvantage
Vi Ei s MUz RERE T AE WAL B W IR A, SE U REIRNY  REHUE EME A 1555 SEHX e
Isolation and Double-plate E . aifbnigse PEER IR S
culture method It can clearly observe the formation of plaque, Most of the host bacteria cannot be
achieve the separation, purification and culture cultured. The experiment requires high
of bacteriophage aseptic conditions
IR RINS7S 53 B A I BRI PR R T 4 P R TR 2 B 4 AL PR B UEHRAR , Pt i it i
Centrifugal W% IR (Deoxyribonucleic Acid, DNA)HEEL  SEI0 #4 rh il K S s fh 2 i
sedimentation T g The pretreatment requires ultrafiltration
The purified bacteriophage can be directly used and concentration, which requires a l.arge
to extract and observe genomic DNA amount of samples. Hazardous chemicals
are required for experiments
KA e AR EPS WEERYZN , AN S B BRI A, SEh IR
R 16 £ DNA J54 The operation is cumbersome and
Hydrolysis It can effectively reduce the influence of EPS on ~ complicated
ultrasound/ sludge and avoid DNA pollution caused by
Vortex oscillation  bacterial cytolysis
e W PR T8 FUMERE R ATE nE VR B, IRAIVEE AT R TG IR T SR, NRE g
Identification ~ Plaque counting  JEMMEEIBE, 1T DAL A B BUAAL (Plaque  FRMEEE TR IETA 1O M B 25

method

Forming Unit, PFU)

Plaque forming unit can be calculated, and the
types of bacteriophages can be distinguished

The counting number is much lower than
the real number, which could not reflect
the overall dynamics of bacteriophage
communities

BT REWLZE MR R IR OO SE s . FRERCHERTES ORI E . BRABUEm, RNEG

Transmission EA=2Y Fett R

el§ctron It can observe the microstructure, abundance and  There are errors in counting and it is easily

[LICIeSCODY diversity of bacteriophage communities affected by impurities, which is not
suitable for large-cale counting

DSRTAT A R AR AT R bURIIRA - CRZAe b NSRS~

Fluorescence It has the advantages of rapid detection, low cost ~ There is personal errors sometimes

microscopy and large amount of samples

TN A8 G R, AEBEUERG, FE MR AR X IIAL B B R

Flow cytometry

TR LR A
Metagenomics

(il S

The detection is fast and accurate. Bacteriophages
can be roughly classified by diameter
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Table 2 Functions, influencing factors and application limitation of bacteriophage in biological wastewater treatment
e A ESES IOz R R
Function Influencing factors Application limitation
VAR TR MR RS, SRS K Ak BRASCR folES i VLA
Regulating microbial community structure and affecting wastewater Temperature Narrow host range
treatment PR 4 T FXE E
(RSN IE LN 7] pH Difficult to determine the host
Being used as an indicator organism for environmental monitoring JARYL S H Wi DR AT PR
PG A P A S A Multiplicity of infection Bacteriophage resistance
Controlling pathogenic bacteria in wastewater 5 B R
EeIERIA 711 S Charged particles
Controlling sludge bulking
5 8 A
Controlling sludge foaming
il 7
Controlling membrane fouling
Il 5 e

Reducing sludge production
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M5 KA BRSCR , Petrovski 253 IR 15 e
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IR 08 B T A ) 2 T i D S i, [
WBEPER T T 40%—60%. Bhattacharjee 2P
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FETER T UIIIAR SN, Wi oy (A 30 35 A R4 £
Ao T 75 PR I Y PR 2 AN B T A
ST K AR PRACR TG B R RE S 4 S AR e 5|
A 75 PR3 A SUASE WA AT L) 2% B P 2053
SR T AT, I Tl P abE o o A
PR R S5 T Be T AR 15 U8 PR g A0 T RO B AE L 7E
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I A ek
R

43 REEL
JEYL 52 B (Multiplicity of Infection, MOI)R[

e

Vit T A5 i T TR RO RO 0 B HU A

PG E e pH LUK BURCIF 9 1 B

43 5 W) g

PR A . BRI, r AN TR e 1 PR A R 2

e fEfE22 5], H MOL eSS, FEi5/KEY
b3 rh R A MOI G 0.001-15 (% 2,
% 3). Wik, TEN VSRR Z AT, T LI
TS H E T FE A MOIT (3 3), LASEBUA R
DGRECT
4.4 THHRF

TERPEZRAET , WRE MR A BT, &
515K AETE B SR B8 TE A BH B R A RONETE T
E 5 M I TR R P e 1 e EL X A AT 1 1R e i SR
(F 2). i HLAE FAE W TR AR 0 W B ook A8 oA 5

BAER, ASTR] T H R - 6 I TR AR ) 52 i AN TR
Puck 210 8 AR I AGE Yk E R Cl &k

B, T Wk DA A KT o TR 1 R o Sk Ay T e 4
fo, AL i CL X I TR A% A W A R 2 7= A 1 o
AUTHI Fe™ B0 Bk Bl 2 fof s 7 A ™ A ek L
AR E, Bildn, Matsui 28R 3 4 FhiR L
R (RN . A L . AR A& SRR
#2xffi QB. MS2. TI1. Pl MR R A A WL
(2R3

R3ISKEYALEE A B R AR RS20 E R

Table 3 Influencing factors of different bacteriophages in biological wastewater treatment

Wt 7 A [EES FEfh IR E R T PRUE  ZECHK

Bacteriophage  Host Sample Optimal multiplicity =~ Temperature  pH References
of infection °O)

KERERA W RRE 15K IR AW 1 20-60 6.0-10.0  [52]

Siphoviridae Nocardia Mixed liquids

KEFIERA S8 IRE 1EIK) T IRAW 5-15 - - [54]

Siphoviridae Gordonia Mixed liquids

KEFERA  BALZEDTTRE 15K 1K 0.1 40-50 5.0-9.0  [23]

Siphoviridae Salmonella typhimurium Influent

MUERERR BT R 15K K 0.01 40-50 5.0-10.0 [23]

Myoviridae Salmonella typhimurium Influent

WUERHEREK SRR HARTRGW  0.001 —20-35 5.0-8.0  [46]

Myoviridae Haliscomenobacter hydrossis  Mixed liquids

HRAERA  AEEMA ST 1EK) TS YE 0.0l 42-55 6.0-9.0  [38]

Podoviridae Acinetobacter johnsonii Activated sludge

AR KA HARTRSW  0.01 0-40 4.0-8.0  [66]

Podoviridae Escherichia coli Mixed liquids

RPIERA A HARTRSW 0.1 - - [14]

Filoviridae Bacillus sp. Mixed liquids

TE: = ARWHRE

Note: —: No report
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5 WP ARAETT 2K Ay b B v B i ) BRI

fFO 5 ¥

510 BESEEE
REZBUEH T WA & R R R, X

FhRR S PE 2 RO R TE R EAE, BRI

FURLE AR P AR R (3R 2)0 N T B IR TR 1K A 3

AR, W5 &ﬁfﬁmi%i@*fﬁﬁﬁ
2 F M2 MR A, yu SR T 20

wﬂ%ﬁﬁimﬂhi%hﬁ%mNmu,ﬁ
PUXT b2 1 VU R AR I A B, 22 W B AR T
RS AFERE, NDM-1 /b THZ
52 TBEMEHE

TSR AY R MRS L, R
[ 75 KA BT 5 AR U e IR 254, A
M TR A 140 i T R ME A (R 2). W, ATLU
FIFH 168 rRNA KL Al ey 8 0 5 55 4 F A= 2
FBoxt RGO A W REE AT 00T, FE R S B
s TR A4 55 A TR VR IO S5 R R RE G 3R L i E T
B,
53 ERE{ARE

m E eI Z 5 0] RE A A — P
(€ 2), DA fof g BT A G 2, BEL L A 5 e A 0
VN7 N RN S R B R NG R i
JUOY AT LA b o R — 1 T A 2 Rl
WG TE—, Mm btk g, MmkIT
AN TR PN TRIBTEE AL, 5 b s PR A e i = i 7=
KRR B R W R R R T U
T RN X AN DB S BB R T M,
RIS TE B se Y BAN, BFoE & TS
FMEETAERE R Z G, S—EBE LR
MRIRSEIE M, FEFPRISE G b T3, IRk 2k
XL Sehr A AR R AP . R, ATRLCR
%%i%ﬁ%ﬁhi%&%%%J%A&ﬁMﬁ
W, P A0 B A mE A R B A R hobE, Sl
BIIAR K

6 ZiRMREE

Wk R AR R 5 VR A B B AL 4y, |2 AR AE
TAERG K T2, KA YA R
RAFEEAREA, AT K AP A B R v T DR
EZIE P ANECE 7/ IR S P 75) N I - R R 7 S R
R R TS e R s Ve SR T RE . (HELR A
Wik A AT B B, ], ATHSRAFAE — 2L ) i, JK
AT LIRS MR S0 s TR A S LA 3, i R B A 7
240 TR X8 I TR A Ry P ML R S A VR A, T HLAR
ANl 7 I0L FH I B A 2 75 2 X1 7K A g Ak B 7= A
AT B 5700

PRI, 78 2 S T 7K A W Ak 3 v s T A B F 5
O AT D7 A 7

(1) T A A o 25800 68 e TR AR 1) g
TV RO M A 48 0 Wt R A 1 0 1% o

(2) N IWE AR AAAE 18 G A L 15 FEHER
B FIAE F2 7 A W D AR PR S [l R, 5 B A XX g
] LA TR A RIS

(3) TESEBRi5 K AR AL B A b7 228
SR 2R A A R A

(4) DISE T il DA A5 40 B 1 3 A8 AR AL R A B
EA, RES5HEKEWEECERN LR, s
RAEWE B 5k, ARUETS K A P Ak B TS e )
TR, L G R 55 F s K AR P b B
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