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Abstract: The performance and stability of the biological wastewater treatment system are closely related
to the microbial community structure and dynamics. An in-depth understanding of the microbial
community structure in activated sludge and its influencing factors can contribute to improve pollutants
removal in the treatment process. In different sewage wastewater treatment systems, the distribution of
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bacterial communities mainly consists

of  Proteobacteria,

Campylobacter, Actinomycetes,

Pachythromycetes and Bacteroides. Most of the fungi living in activated sludge belong to Ascomycota and
a small amount of Basidiomycota. Meanwhile, the most widely distributed bacteriophages and pathogenic
viruses in the virus are the major concerns. By analyzing and summarizing relevant literatures, this paper
reviews the environmental factors such as influent composition, different treatment processes, parameters
(physicochemical parameters and operating parameters), geographical location and climatic conditions on
bacteria, fungi, archaea and virus in activated sludge, and introduces the diversity of microbial
communities in sewage plants and their responses to environmental factors as comprehensively as
possible. At the same time, the future research direction is discussed in order to provide theoretical and
application basis for regulation of functional microorganisms in activated sludge.

Keywords: Sewage biological treatment, Microbial community, Environmental factors, Functional

microorganism
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Table 1 Influence of influent composition on microbial community

BEKAR  FELER Z R
Influent Main conclusions References
composition
EAKMERT [R5 I 1 15 e P A B AN 22 7 A 5 ) [24]
Sewage Different influent water quality affects the composition and diversity of activated sludge flora
properties  JEMGIRBAE W REIE G5 S K2EAIG OC, Nitrospira . Caldilineaceae M Anaerolineaceae 541575

KA RGBS, T Thauera J Toll 15 /K AT AR G5 rb i 2 68 135 R e [23]

The microbial community structure of activated sludge is related to the type of influent. Nitrospira,
Caldilineaceae and Anaerolineaceae are highly related to domestic sewage treatment systems, and Thauera
is the most abundant aromatic hydrocarbon degrading bacteria in industrial sewage treatment systems

TP A 76 15 KR G R K R EAE RS AGS TR W 0 3 5 BE RN 3y T R #E T B AT [26]

The wastewater characteristics of industrial and domestic sewage mixture play an important role in
maintaining the richness and uniformity of microorganisms in AGS

R A LA R IK SN ST BUR K AR IR AR R R 2 AR A [27]

High salinity and high organic load are important potential variables that drive the composition of microbial
communities in textile wastewater treatment plants

AOA FREAEPERBEMFEAR, FEmERE I, 1 AOB = K2 I S BUAH i B % (28]
AOA abundance decreases at medium salinity and increases at high salinity, while AOB abundance presents

the opposite trend

AR AT A A PR E T RS K AL B T A P v TR AEHIL [29]
The biodegradability of wastewater determines the microbial community aggregation mechanism of large

sewage treatment plants

HEARRAFAR L 75 K A BT A= MR B R a5 [30-31]
Microbial communities of sewage treatment plants with similar influent sources have a tendency to aggregate
VAR AAR K LA 4 S R AL B RO RV S5 AL, AT A T 1 [32]
Sewage Heavy metals commonly found in copper and other wastewater will change the community structure of

composition nitrifying bacteria and reduce the activity of nitrifying bacteria
TERRIREIN AT E AR S, 4% 4. 8. Y. BF S ROTERASIMA T Tk . S TORRE S [33]
RfVE 4l B E ARG

In the samples with stable anaerobic digestion at moderate temperature, chromium, copper, nickel, lead, zinc and
hexabromocyclododecane and tribromodiphenyl ether were significantly related to the bacterial community

structure

& o S T A KR AR AR T BERE R i, SRR EE R IR T EPS (Y R K ThRedl  [34-35]
53, T ELEAR T R 22 B At v 1) =F 8

Chromium stress inhibits most of the microbial metabolic pathways and functional gene communities.

Increasing chromium concentration changes the composition and functional components of EPS and reduces

the abundance of most bacteria

BV BE AR A IR IR S5 R 2R R, S S5 RA LR R . fHfbiRier . s [36]
FERAT Pl PR X = 38 I o e 8 11y 444 T e 5 e A1

Changes in cadmium concentration have a significant impact on the microbial community structure and
diversity, and the relative abundance of nitrosating bacteria, nitrospiral bacteria, and acidophilus involved in
nitrogen removal decreases significantly with increasing concentration

KIHE SR (CA. As. Pb il Zn)is Y il A WU REDS LA 3553 10 [37]
Long-term heavy metal (Cd, As, Pb, and Zn) pollution has a significant effect on microbial community
composition

TE AY/O TJZ':PI%% KR BRI, BE X Candidatus-Competibacter. Acinetobacter F Azoarcus fi [38]
FRET R, RE T BU A ALBRBERE 1 T R

With the increase of K~ concentration in the A%/O process, the abundance of Candidatus-Competibacter,
Acinetobacter and Azoarcus in the anoxic zone decreases, which may lead to a decrease in denitrifying
phosphorus removal capacity
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Tk AR, EEREE . EA LG R IR Bl 22U
IKAL B A M RS AR R PT, SE kS
JeH R & AL T (ammonia oxidising archaea,
AOA)FIIR A S 8 AL AH B (AOB) V& XS AN [R5 BE 11
e AN, AOA FERETEHAEER BEINFRAR . 12
R RGN, 1 AOB =F BE U 5 BUAH K )
HES L TR AT o s Rl 5% LA IR e, BT
PLHAE A B v R AR A 9 . o
Sh, AR KA AR AR TR T KA K
AOER R A BTSSR AERY, SRR IEAR LTS
KA TR A M RS AT AR R BT R
1M, EETR G5 K BT A Y v R AR AL
(A ST o
212 HKES

A ETE K TR K AR, e 3280 25 77
F K A S A R R 4B SRR TS J ), X
X5 7K b PR R — i X o R, A9 46 e XS
TR PRI A W RE TR () 5% ) S A5 0 R 8 48 T TS T
G U W RE TR 2261 L BN P AR A PR %
2 OCHEL, K E LI EE 4 JE A S U i AR TR Y
TEVESEH, FRARRSILTE AT ERY), Stiborova ZE0Y
SR T 6 FlE KI5 U8 Hh AR BF I8 25 A R 2 FE 1, 25
RKI, TERPAATHE R E REm T, 5. 4
BB BE S MOTER AN ke . IR TR
EIUNTRRE TR 2540 0 AR O, AR RFIR 450 85% 1
AR AT DU PR 35K 2355 ) o IR AR R AP A PG
15 7K AL 2R GE A W I T RESE e i BE 9T, 45 51
FW], R T iAW R A AR A A )
RETULE M AE TS | (RIS VR P I G 02 1 ARG
¥y (extracellular polymeric substances, EPS)FJZH K
K Hife4L 5y, T ELFAR T R 2B iy F R,
FiA, AR AT BE MR TGRS U R G (R R TR 4
H, AL 10 mg/L A4 COD ZBA A
FIFER , FEAR T I Vs 2060k, 22 1AM
YRR S, 2 5 R EBRIAS AN TR | A i
THE DT VB R AT D (180 R 0T = P8 o e J32 P 348 o o Sl 25
FRAEPY, M2, KE4/E(Cd. As. Pb #l Zn)

TSYH R E RS N BT, e A0 T
ZhBEE KOMREE M, BEIX Candidatus-
Competibacter . /ST J& (Acinetobacter) F 1 &,
N & (Azoarcus)W EFE TR, XAlRESEUL L
PRWERE 1T R, SRt L JELRE T Ja 1 3= 5 A r 3
I, XS P B ) AR R A — 258
22 AENETZ

K AN [R5 K A B0 T2 0 s A W e I A7 e i
FRERER 2). FLBEPIRF A A 5 K R A B R
wmARGEPIAERE BT T, KBTFEAF AL
TP B E MR L TR R AR, Ry
WA W Fh = B R s o Islam 25 000% B 95 K b 3
i AT TS Ve L el T U8 RN DR AT Ak P
AOA . AOB K H: amod =R F AT TIE,
ZE IR K I AOA-amoA FE N TEM AL b L AE TG PETS
Yot P IR R . Ouyang 2511 SR v 3 2 ) 4%
RUFFET 3 AT 2 P K b R 3R Ge B < h 75
PRE S T E RV 4, 25 R3RMT, AR R4k
BT 20 A RS S A A AR g Pl
Xt T HIEKTT AYO TAH A%/O-MBR T.255%
A T R 4% 7 U AE IR A B - DR AR Ak Ao AR P Y
WRBEE AL, SRR TS Ve R TR TR 45
W2 FHK, AO-MBR 58 Hl b 22 @ Fl
bt /BB R FEE SR A0 5RE 3.68%F
19.73%, {598 H A HLLH I3 AN [R] 2 5 | b vy B 1 i 45
AL R S N & . Qin ZE PSS T 345K
ARBRT AR T 25(A%/0 . DE EAbia AR 4 28R 4R
AR )T P 5 e 2 TR R TR O 2 A S AR
BRI ENREE A AR EXER, AYO h
ME M FEE, FE K FE(Geothrix) . H 5%
Y2 J& (Methanospirillum) . Allochro-matium |
Fimbriimonas T 5% W 18 J& (Variovorax); DE EAk14)
T F K Candidatus-Accumulibacter . NEANHIE
(Acinetobacter) . F-WH J&(Legionella). T LA
(Zoogloea) MHHAL MR TE J& (Nitrospira); T %€
IREAARIA T E N ZE TR (Gemmata) . KT
W (Salinibacterium) . Methylibium . V% i %5 R 7 &
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Table 2 Differences in microbial communities in different treatment processes

TEKA T FELE® Z 3R
Sewage treatment process Main conclusions References
IR A= 0 S5 I RATGAKBEY RN R G, ARSI T R B At L [39]
Membrane bioreactor BH B ASTE], R R = e
In the rural wastewater membrane biological reaction system, the main
bacterial groups and abundances in different treatment process stages are
obviously different, and the species abundance in the regulating tank is the
highest
S A TE M TS e/ ] T g /DR AR AL TS 8 AOA-amoA HEPITERS AL Hh HEAE T 1R 75 e Hh B V& BR [40]
Aerobic activated sludge/Reused AOA-amoA gene was more active in the digesters than in the activated
sludge/Anaerobic nitrification sludge sludge tanks
B2“<jt Aeration tank AN 5] F A2 3T 25 R K 5 e X 24 T 9 5 1 AR AR DR B S [41]
Different treatment processes and wastewater quality have a great influence
on the bacterial community structure
PRAR - AR -1 U R AR - A - I - AR ) PIRPRI A TS TR A TR S5 22 AR, AYO-MBR J5 U8 P Be 221 [42]
AL J AR ot/ \ B IR T T BE 4y I E A%/O 15782 3.68% 711 19.73%
Anaerobic-anoxic-aerobic/Anaerobic- The archaeal community structure of the two remaining sludges is quite
anoxic-aerobic-membrane different, and the abundance of methanothrix and methanosarcina in
A*/O-MBR sludge is 3.68% and 19.73% more than that of A*/O sludge,
respectively
JRER -4 -15-4U/DE FUbih)/ R EZER A A RS SRS PR S TR EhRE . BN IRHEE AR R ZES:  [43]
Anaerobic-anoxic-aerobic/DE oxidation The function of bacterial and archaeal communities and their activated
ditch/Carrousel oxidation ditch sludge, their community composition is very different
Pt = s V-1 T 1 V5 V6 2 PR A 45 A 2B AL 5 T K A BB CR AA A — e R OGP, S [44]
Sequencing batch reactor activated R e S B 2 B R 005 7K Ak B
sludge-magnetic field There is a certain correlation between the change of bacterial community
structure in the activated sludge and the efficiency of sewage treatment,
and the effect of the external magnetic field on the sewage treatment effect
by changing the microbial community structure
S5 L 2 TS e SR AR A AL B B K T AR AR B i, AbBE A HEOK S [45]

Fenton-sequencing batch reactor
activated sludge

B K LA R A AE 22 57

The biodegradability of the drilling wastewater after Fenton oxidation

treatment is improved, and there are differences in the predominant flora
of the treated drilling wastewater and simulated wastewater

(Planctomyces) F¥5 ¥ # J& (Lysobacter) ; W bt i &
TN EE, IR £ AYO>DE k>
REERAE . HIEF W, AT R ¥ K A
X A T R A MR VR A N 2R
B

BRIBEAER B MiSeq 83 F 3 A A
TG FAE T SRS VA R T 2 ek
SERFW] A A GO 3R (B=Tx1070 T)RF,
TS VR UE ) B e 2R Mt o TR RIS e
20 TR 7 2 A AR A 5 15 K AR BRABCRAFAE — 8 A O
P, AN 730 3 O T R T 4G R R S K

APPSR . Zhang Z555R ] Fenton-SBR T, 2%} &
A7 N I Tt e (HPAM) Y & K A7 b B, 45
SRR, R A Ab B ) BL H 5 KT A AR
FHE R, ALFRJE PR H K S EUE K B DL TR
BEFEES . AL, Fenton-SBR T.Z7EANFRELH
JE 7K 5 TR B VA 1y FH i 5 o

15K AL PR S A 1 R B R 2 AR RN B
Petrovich 2T AN A [ AL B T 2 B T5 K AL BR T
VE K FVE Y REAR T B dsDNA 55 25 F4H B E 74 20
WS ZREVEE AT TIRSE, S5 & BN T5 K Ab B
I A AEAR LR B2 7 90 5, AEART 32 BEARTA]
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WAL, S EETE F A BT I 4500 5 A TR TR
AREZS, MX TR e aE 2l Dhae & H
5 A5G R IRl 9 0¢ R 77 240 — 2B T 9% .
23 5K

CAMREN, BE. pH, BHEE. K
W e B AR B 5 S HCRR s e i U AE P AR K
L7
231 BEUSH

PRAL S B0 52 ) 15 7K A B A P B 7 245 40 1
RN (R 3). S b R T KAk )
A T R S B 3 A AN R A BT A AR
PRI TG KAL) AR R VR AR A, B R R B H A
{1k 75 A it (five-day biochemical oxygen demand,
BODs) J& 5% M i 25 W) B 7 45 1) fe 5 82 1 BR 58 A8
PO Zhang 25U SR R A ARG RR N 1
W TG K Ab B 2R 4 vh T S U B A ) BV A
AT TR, ORI R pH . B (total
phosphorus, TP)F1 COD 2 5% M 41 & #f 7% 43 4 B T
PR IA T Zhang 25 SR ] Tlumina 05 3200
T 18 A HFRAM M () WWTPs 15 P75 V8 FLUA R
TURMTR, R, TP, pH MR Z N E K
A E T . Xu Z5PWIRTE TR RS K AL R 4 28
IRAEARVE R GE DR IX | AR XA A A ) X G AR
vk Z e, 45 R RWIKR | #HKZ A . #7K COD
FIHK COD SEPREAS & 5 A= WiV i 5 A ok
(P<0.05). Gao 2Rt b i 1 VU e i i 5 A b BT
TG P75 Ve AR DA Vs A e Z REvE A T TSR,
A TR et F 0 K B R, HOJE AT ) S
BERA], 1 H.EK COD 1 pH X 32 Wi 74 2H A
Mot K o TETE RIS Je RGiH, B GF A AR
AR A R TR HEA R E I A  7E
i 2R R RE W) UE i (up-flow  anaerobic
filter-biological aerated filter, UAF-BAF)"¥', JZfil§
AR TR %) 3= B Bl 1k 2% 75 4801 28 L (COD/N) A Y B 1K
FEARE, 4k, A 0F5E & BUE G fk MBBR
FfiZF NOs -N FlLiEL A (total nitrogen, TN)H XN,
SEORL A= B ES 8 Hh 5 0 R0 TR DL B30 R

nirK . nirS Fl Anammox 551 [H 45 DL [l NO; -N
EROR Y (1B N

1E IR AR A5 R K (upflow anaerobic sludge
blanket, UASB)S Mgz, pH WHEXI A Y
A Em, BEE pH R, L3 b id
5 B T B 8 (Methanobacterium) F1H g B2 T
J& (Methanospirillum) 28 B . X5t F 5 ALy Al
15 7K A BTV M 1 U8 A TR A A T 1Y) o A
B, RS R IIE L VEEMACRT pH R A SRR IR B 26y
20 AT ARV 45 A8 B9 i S PR 1 (P<0.05), T L%
eV Tk A5 i R O D T SIS A T 2 A P R LA
KB AN RIS I, FREE AP R i L A
pH (B2 MW TR A TE P, T 40 TR 1T LA R
MWk AT ACBE DRI 2 A8 PR AP 5T, IRV P53 LR %o ik R 4R
B P
232 BITBH

e 2 V5 K ARG K — A EE T L,
M N — s i V5 e s BRI A, W R A AR AR
Ji e A D Rl TS K S T T e A FE A i R
G, R AT DL KA 55 i AT A AT
W, MIMZEBRIG/KAFE COD. AMFE LI5S
X B S A I RE TR () Z2 e L A R AR AR X
ARELW, TEIGIRIER 10-20 d B, BEhH
T D R Ve B S s W AE W 2R L SR Bl
ML FERZ W . BEESE 7 T A M 450 | ik
P 5 8 M2 ik XL 0 o e A R BT BN,
KI5 VRIS AL HE T 40 B A AR e AR ALVE T, A
(TS PRI e HE 1 B I AR AR 2R, S T
Shfekese VEPY Bl /K 745 5 sk 1) A0 [ 445 79
[) SE K DA R 3 M Vs e R PR Eh Wk BE R T, L
W J& (Candidatus Microthrix)[#] 16S tTRNA I rDNA
(P8 DU, i R S s KA H A HLA A
SRR B IEAIED FEmg ot b AT L
aob o AR R TR T ¥ A A (dissolved oxygen,
DO), 1M 5% Wi 40 TR R v RE 10, 7 T VA A S
JE T A Y SRR
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Table 3 Effects of parameters on microbial communities
24 FHELE 272 30k
Parameters Main conclusions References
FESHL BODs 25 WA A= W R s 235 ) o ok 11 BB A8 [30]
Physical BOD:s is the most important environmental variable affecting microbial community structure
and pH. TP Fl COD J& 5 Wi 4 A ¥ 43 A1 1 s 2 R (R 7 [11]
chemical ;1 TP and COD are important environmental factors that affect the distribution of bacterial communities
PAramelers yejr | TP, ZUEUM pH X I BEA A B35 R [49]
Temperature, TP, ammonia nitrogen and pH have significant effects on the fungal community
K. KA. #EK COD sk COD %5 P45 it 5 i A W& 1B 35 40 26 (P<0.05) [50]
Environmental variables such as water temperature, influent ammonia nitrogen, influent COD, and effluent COD
are significantly correlated with microbial communities (P<0.05)
7K COD Fil pH X oA WA Vi 2 s i) 52 M e K [51]
Influent COD and pH have the greatest impact on microbial community composition
1 Ei R E R E YR (UAF-BAR) Y, SUifbiR . 5 &R S R E RIS R G (BPS) FRERE  [52]
COD/N FUfEL 4 R A i A1
In the upflow anaerobic aerated biological filter (UAF-BAF), the abundance of denitrifying bacteria, genes
related to nitrogen metabolism, and extracellular polymer (EPS) decrease as the COD/N ratio decreases
TESCAF AL MBBR HY, B NOs -N Hl TN ¥REEHS N, ZEORHAE W BRI RS U6 b 25 i VRS (R 48 DUBS K s nirk L [53]
nirS Fl Anammox S5 [KI¥5 DBt B NO; -N ¥ it 384 i1 iy 38 Kk
In the denitrifying MBBR, as the NO; -N and TN concentrations increase, the copy number of each
denitrification gene in the filler biofilm and sediment increases; the copy numbers of genes such as nirk,
nirS, and Anammox also increase with the increase of NOs -N concentration
e BRSO A(UASBYH, pH B X Sl A i v A i 2 i [54]
In the up flow anaerobic sludge blanket (UASB) reactor, pH stress has a significant effect on the microbial community
FE SR ENR TN pH 2 s T b 288 vl 200 PRI T v 225 1 1) e B 52 ][R (P<<0.05), 17T L4782 5 1 [ 4K 5 i [55]
FEA TR S 1l 2 T 22 R B IE AR OC
Volatile solids and pH are the most important factors affecting the community structure of nitro-reducing bacteria
archaea (P<0.05), and volatile solids are positively correlated with the diversity of nitro-reducing bacteria archaea
FRIE i A i L R pHL (B 2 S MR B AA O A, T 4 7T AR A W T AR R 21 i 4o, 1R [56]
PS8 TR X WA R A SR F) S
Extreme temperature and pH in the environment will affect the activity of the bacteriophage, and bacterial spores
can be used as a protective shell of the bacteriophage genome to resist the pressure of environmental factors on
the bacteriophage
BTZEC TETS TR 10-20 d I, BRI RAE M REE A B AR AR . AR BENLE AR . B [57]
Operating £33 (43T A A5 I8 A54E) . SRR 224K 75 1 T ik JXUIG: 41 B 1 F it 2800
parameters when the sludge age is 10-20 days, the microbial community in the aeration tank has the highest biodiversity,
the lowest random process impact, a more stable molecular ecological network structure, the lowest filamentous
sludge swelling risk and higher denitrification potential
AR IE TR IS TR E A A AR, TR I T e i fe kTS0 s i LA AR W A, H9m T Zhdg [58]
Longer sludge age promotes stable bacterial nitrification, while shorter sludge age promotes higher eukaryotic
biodiversity and increases functional stability
B A 7K 3 5= B I 0 [T A B o T S A B I M5 e R ER VR L 9 TH 25, Candidatus Microthrix f) 168 [59]
rRNA F1 rDNA A9#5 DUEESEIN, 1 Candidatus Microthrix )3 B 5 {5 KA H T A AL AR A 2=
R 5 B 25 IEARSG
With the extension of hydraulic retention time and solid retention time and the increase of nitrate concentration
in activated sludge, the copy number of 16S rRNA and rDNA of Candidatus Microthrix increased, while the
abundance of Candidatus Microthrix and the organic matter and total nitrogen of sewage treatment plant removal
rate was significantly positively correlated
(T 4E)
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RS R A TRV T, T R U AR SRR E T Tl AR ) 22 R A

(84 3)
[60-61]

Dissolved oxygen affects the abundance of bacterial communities, and microbial diversity decreases at high

dissolved oxygen concentrations

DO Fl C/N HEABLR R ATV 45 A4 A8 A i P R 2R

[18,62]

DO and C/N ratios are the two most important factors that affect the change of community structure

1R C/N LK HR A B A oty T B 22 AR PE L R TN A TP B R BRA Ay, LRI . BRAT B AT DUAT B de F[63]

H R

In the wastewater with high C:N ratios, bacterial and archaeal diversities and TN and TP removal efficiencies
were generally higher, with Proteobacteria, Acidobacteria, and Bacteroides being the most abundant phyla

UL AR o PR T A R v M R T ) = A 2 5 R [64]
Temperature and aeration have a significant effect on the abundance of enterococci during anaerobic digestion
i A P 2 X A R v AL RS R, TR RN Vi A5 A 5 7 R IO S PR I Rk E DT A 5% [65]

The temperature of the nitrification tank will affect the microbial community structure, and the archaeal
community structure is closely related to the concentration of volatile fatty acids produced

I 35 °C BEAREI 25 °C I, PRA AN B A S R 32 207 Rk, 10 RS A 3 AR AR ZE M i 52 [66]

Al

When the temperature is lowered from 35 °C to 25 °C, anaerobic ammonia-oxidizing bacteria and denitrifying
bacteria are favored, while Anaerolineales and Clostridiales are negatively affected

TETG KAL) vh, BV AFTE AL A= 4
ZRE, (HRERAHAE, T DO FIER HL(C/N)
RS2 5 00 TR 75 405 W 78 A B 7 A e T2 B R R 118621
Gu 2SI F i i 16S rRNA FEPRP 187 4
ARI3HT T ANF C/N EET 3 & FRE 7 K A3 i
AR, A5 R RIUARIRIY C/N LLEXT & & 5
BRI K F AT A R R A A . A 28 B
LSO ;TR C/N LKA, HTE RN TR i 20
DL S S R RS I R B AR A s, AR IR
PR AT TR AL T et ' R -

R T T e e TR A AR T A T B R Ak 5 e
PR TS AR I T S R W BRI s, 2O
FT 3 AR R IR AT ESOR, 75
M AN PR AR b, F T SO0 A A e D R
SHEER, RANDFRUFERE, BEREA KA
Bed2s, A /DR n R BN Rg IS N S5 PR 558 1 S
T2, TEREMIREIH L R AK R B, Sias
PR R R AR, YRR A R EEN,
Jr LA ER DA B AR IR A A R Rl S
Hh, Kor-Bicakei 25 IFZE T 180 oA PR Ak i
BEXT U E IR A5 B, 455 R IR IR
M F AR EE R, TR IR A A
RN ERR TRV FE B VIAR G, TEIRAE L YERR IR
i3 b TR fabtiie SN SP ST WANGE 32 47 ) P 3 v Y= 4iL)

P HVGERR, TR e 45 A VR BRI IR v B2 1 v il i Ak it
th, EUE TR HGETA H

de Almeida Fernandes Z£ IS4 T 1L 4 R4
ALt X s A I U e AR ) AT R R
M, Z55EREH, 24U 35 °C [AIRE) 25 °C ), &
i N R R A o TN = R |
(Anaerolineales) #1182 T H (Clostridiales) W 3% 2| 1 T
. DL st r 28R 2 R TE S0 50 % S R
AT, Mk B SEbr A 2 b
24 MIBMAE

ARG 7K AR 38T T A W A v L A TE 25 57
(EE HAFEAZ DU IRV (R 4)0 Wu 2507 5
RGEMEEKIEE, 40 TRA 6 KM 23 PMREZK
269 M5 KANER) L) 1 200 ANIEPETSTRFEARHY
16S rRNA JE NP4, pArai K], pkiE ks
VC AN TR BV AR O AN RS, 16 PR TS e dn A
VR WA IR A BERR L

LR TG PRV IR 15 K A 3T 45 Fh D RE 1) 5 42
ST, R T TRV A o AR O A O
AR R, TS e LR TE A AE AN [R5 K
W3R Z M AEAE2E R, AR DR AR - AR - U AR
(A VO)R Gz W rfE2Z S Y, Bokh, ARTEK
A PR TE) L R VR 4 R ATV AR s B R B R Y
s e e R
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Table 4 Differences of microbial communities in sewage treatment plants in different geographical locations

A B FHELE 272 30k
Geographic location Main conclusions References
I T TS VR LT T AUBAE AR RIS K AR B 2Z IRIFEAE 2 5, AL IR AU/ A (AYO) R SE [49]
Geographical Z AR
distribution Activated sludge fungal community composition differs between different sewage treatment plants,

as well as between oxidation ditch and anaerobic-anoxic-aerobic (A*/O) system

RBRIGHEVGE RGE AR D AN REYS , W6 T VR 40 RIRE I A B i 26 B A [67]

There is a core bacterial community in the global activated sludge system, and there is no

obvious latitude gradient in the activated sludge bacterial community
R R 3ATREUSN g, A IR P 4 5 v e B R T A 2 P A DG [68]
Altitude In the three anaerobic reactors, there was no significant correlation between microbial

community structure and altitude

V5 7RSI B AR R LA BE T O (84.6%), B HOL X I A W REE T E I S MR [69]

(U EPS 6N N 5218 A S

Paleontological communities in sewage treatment plants are dominated by methane bacteria
(84.6%), and the correlation between the richness of paleontological communities at high altitudes
and environmental variables is greater than at low altitudes

V57K AR BR) BT R A TRE AR R BN ], B A MR
AIBBAFTEZE 5 o FEXTIREE 2R (gibberellin, GA)EIK
AT, Ouyang %5 *UR I 16S rRNA HE KI5
Kl NG R (internal circulation, IC)F1 2 4~ UASB
FLV A N B AR AV FEAE SRR IR R AR )
HEVE 52, Mantel Z3HT3RIATE 3 NIRAE R A7
T MR T G A S TR e R R A I A
Stk o Niu 25 % 3R EHEHE 3 660 m #Y 20 ANEETS
Vel KRBT () AR A T T, 45 IR R
VK ANEE A A eV DL e N F(84.6%),
VAR L DX ) A VR = B S A AR S A G
PR FAREHR X . 25 ERrd, AEHLERA B 5K
REFR ] AER O RETE . RO 3 585 97
X FPEE TG KA BERCR B H L, MG PET5 I i
RIS AR, AR DR 8 o B 5 5 TAE
P8R — KPR, (A5G,

25 SIEEH
251 FEPHLTHK

T 5 VeI A PR E IS e 15 K A B R ol 2
P XY €ty R AW T S LR ]
(FE 5)o EMEBIRMIE M2 = IR E AL
M, (RFE— iR EETE N, SR 45t bt
P B R — R AR TR TS U

TEIR AL R i hRERe e 1) il 16S rRNA
SR EE A, Liu 25748 R T M 8 M5k
Qb B )T R T e A P A A ) R T AR
iR FUUAREN WM AEMRIE AR ZER
(R=0.72, P=0.001), i H7E P=0.01 f7KF L, ZF
R R AR 8 2 T N TR A AL
Zhang ZEUTIN 4 ASBUBEAA A TS A AR ER) T A
PIAL PR AE T B EREAR, S5 R EBE T4
Ao 3 45 U B AR 4 5% ) R AN [R5 K A B &R 4
MARAE, AEXS IS, 2519 A8 fh 0] 240 R R 0 A Ak
s . Wei Z5U2WFSE T 3RE S A5 KARFRT %
P U v 20 TR R ELBR A AR R 2R L AR A A I
ZREME, SUNE AL, L R R AR b
K, TR R 2R R BE T AR L 25 S A BT
. Liu VR @S FER A, #5E T AR
15 YR B AL S 2T AR A XS K Ab BT ER SR
B4R /TSR (A%/O) R GE A RIS SE R R S, 4%
RERW, FN TS BEMAERES, B4
JE LR D RESE o % IR 4015 K A B R G B
YRR AL, HUFRRB, 7E UASB R
LS B I NENT R/ 2 ATt b v = v 1]
s JKOER L T8 i (horizontal subsurface
flow, HSSF)H 3= S F A0 P Ay B AR 3 K rh iy
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Table S Impact of climatic conditions on microbial communities in wastewater treatment

S R
Climatic
conditions

Main conclusions

EEPUN

References

ZAEL ARIET M YREE A RS, HAE P=0.01 /KL, Z°15 P P ae v A e i 25 & 1 255 1) [70]

Seasonal
changes

AL

The microbial community varies greatly in different seasons, and at the level of P=0.01, the similarity of the

microbial community within the season is significantly higher than that between the season

5 AR A 20 B Vi ARSI A9 5 TR

[71]

Seasonal changes have a strong influence on bacterial communities

FURF R AR BOR, AR 1 2R 15 i Al 2 e B O B [72]
The abundance of fungi varies greatly with seasons, and the diversity of bacteria varies with seasons

TR SR A MR R A, (B R A T RE SR N [73]
Seasonal changes will change microbial community structure, but not enough to change functional genes

e F ARG VR (UASB) SR o, 5 AR T 1 B TR ARV 25 4 (R AR AN 32 Z 1 P K 52 ) [74]

In the up flow anaerobic sludge blanket (UASB) reactor, the changes in the structure of protozoan and fungal

communities are not affected by the seasonality

KPR TR (IS SF) F 2 2 00 T A o R oty G A BRI K R B L, Tty R PR S5 AR 2 2 e [75]
In horizontal subsurface flow constructed wetlands (HSSF), bacteria and archaea are mainly used to treat organic
matter in wastewater, while archaeal community structure is not affected by seasons

TGV P YRR Z T R, R RETEAC TR Al LIAEE AR I ], JEHORAE TS PRI 2 b [76]

Viruses in sludge are also affected by seasonal changes. Viruses can survive for a long time in winter, especially

deep in the sludge

AU B 15 K AR BRI W v AR R ZE M I B BB

[77-78]

Climate temperature is an important parameter that affects the diversity and structure of microbial communities

in sewage treatment plants

REFRASAE R AN SR 2 A I (] A A B A ) R AR

[79]

Change in The microbial diversity at the two time points of rainy season and dry season is basically stable

rainfall

AU, 5T K BN R RE B (42%) . AR TE
TR (33%) FHDUFT 1 (25%) L i, oty 1T 5 22 AR e A
SRR E N E, W EIZN RS A Z
S R, I A D TR 2K TR B A A
FAEARL, A FEERTHELED, A4,
TG IRH IR B2 =T AL S N, R B T
A AAFHEAR I A], e AE 15 R )2 Ab T,

AR, TR TG KA A
i e 2 i I ATIOIET S D PA ey 18 e |
e Pl iy DX 75 K A BT o 2R B 5 1 25 oy BT R
B, PRI AR R, EUTA BN B R 20 TR e
FEEL, AU P R R R TS K AR R T RUE MY
FEHE KT,
252 MBEETH

ARBTTEEN, FEW MY RGE LT M

RELEF IR 22— Bedoya ZE)fi ] NGS A
X BFAS F A B9 — S T5 K Ab 38T i A= ) 2 ek
AT THESY, 45 2R 36 W R9 2= 152 2= PR A 1) []
MR W) ZFEPE ARG e 5 A O 3R A Y Ak
YR A T A, (EXE DR AT Ak AR 0 1 BE
WA
26 HEZE

Wang % 5 L #47 (AY/O-B)FIJL(A®/0-C)
A 2 AR ) 1 DR AR - B - A AR R B R E W AR
SRR AR, S5 SRR AT 25 T A= T 3
A e L BRAA WAL B TR (RN Sh i R s
A AR PR L A B TR T NI A fb R T R )
ek /D36l % ¥ e (B AR TR B i FVURF 2@ ) 1T Y
ol AR, Be mRER R KA B T 250
2 AT B8 S H T A4S - R T IR A TR Y B A 3
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2 SR TR AL HR, A HURD RN
PR R TR R R P R
IR AFE A TR R AE 16 MR 0 DR A S S A A B i
FEHE R VERR TR FT RE S 1= COD JE /K Hh RAR &R
PRANTH B a2 Y, N-BE SR -L - 2
N5 (N-acyl-L-homoserine lactones, AHLs)H] L
TR PTG IR ME MRV ) AOA FII AOB HFVE ZH AL
ARG EARTE VRS 5ok b B e MR YR (1 £
FEVE S 259 - R AL A TE B 25 A E ARG, TR
Tt T e T AR S S AU 2 TR 5 2 W A W e A
WY BRIk Ah, AR Y B 4 (microbial
residence time, MRT)ULJE 5075 7K AL PR H & 475
T E YRR I — A EE R R,

3 ZwERYE

TETG KA B R ek, WG PETS At — > 2 Fl
P . B T TR AR SR A e
BRMMAMAES RS, G R FEE
{1 45 42 J¥ Wi '] (Proteobacteria) . L #F % ']
(Bacteroidetes) . TR '] (Actinobacteria) Fl Ji BE
W ] (Firmicutes) , fx & W W &) M E T
(Euryarchaeota) , T Y15 6 1 2F J& 1) K 2 50T
KHFFERT, wALEHETREIY. A
FER A A R IE i s e R GE, 7RIS K Ab
s gy B 2 OCE S IEN . TS TS
Ve P T MRV 110 22 R Pk R 235 ) 2 U i TR B AR
A 2 T RS 7K A 38T AR Y DG B e R 3
7S BN T B G W) A A8 SR R R S, R
KHBAR T WG E XK T IR TS i A M e i
M R T, R TGS e i
T T T PR A5 R g i 337

KT KA BT IEPETS U6 R S Uk W ot
LN

(1) BT BRI DR A B A PV
ORI AP PS8 7SS RO MR E Y DS/ S iR o ¥ €]
5% & BT P75 U8 v oA W VR 2 R B TR R
5, XXG KAV YL BRI R R

Wi, AR, H FiEOC T PR 5T R X6 14 75 e Hh i A
IR Ve R 45 R DL S 1 T 8 T A BT
B M RABE . FrE SR A ASMI BRI TS
KAy s AR B EAE T S A Y, R
KRETF A B AR, DUGE A & 1 5 8 v il
Y REVR AR BT A PR 58 R 5 O PR T U8 P s AR
YRR R I, DT SR 5 K T PR RE
Xof T4 i 1 M T U8 b A W AR A S R B AR
AR B OCH 2,

(2) 15K IE VTS U P A% O W R Y oy B A
E o SR I A Y VR 2 R 5
W, PTG IR AR YRR TS B 2, (HHA
A 5T TS e P BE A D) AH ¢ B A% O SR AE P A
%o R, WEMElR TP REMBGERER . B4R
FEW . T LATE M T e vh sk AR W 0 b G R — sk
B e) s B i R R . HAlar B iR
A= Wy LE BIAR /N, 3 A R 14 Gl A ) ) o 1
B Ay g 857, B XS K 3 R Vs Ve A O
Wl 53 B B SR AT R — KR, Jin 2N
1K) VGRS Je h4r e 1 3 RRANTR 432
Fh, Hrh Gordonia phthalatica sp. QH-11" HATR
SRV PTG BRI RE )T, TEA NS ReiE s )y
T ELA B W G ), SR T R B Y 40 R SR HEAT)
SR ARSI o TP R BRI DRI T —
KT IZAFAE T 30T 75 7K Ab B R 8 b ) 8T B A AR
Y——rh R R, HE TS K S RO
FlvZz—, ZERIETS KA W BR T A R 45
FiA BTG Ge iy oh ik RE A8 Bl /D i 2 3 0 1) AR
R, BABRBESORAER B3, e Ti5KEemEL
RO TR — 2 AT AP s I A 5 T B
K24 E N AMEOC I SCRRIRI B, S XT— S8 A%.0 )
FhOF B 205y B %0 TAE, Res M IIREMAEY
TG KA B 14 1o FH B8 B e K i FH LAt

(3) a5 K ) A I RE v b e EE 1Y 2 RE
R 5 BREE A - [A A5G OC & 0 N9 . 157K 4k
MR G R RS R le T AR 4, Hdh sy
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Al fre ) IR AR FEOR P RE, X LE R
FR KR RGP R MR R Ak
FKALFR T s dg A B 5 32 B0, i
EPETS I PR TR I RE AR T B, e A
ST 5 AR DR X 3 K A BT AR RE A A S R
HIREJT M BEJE ﬁﬁmﬁﬁr¢%ﬁﬂ@@
P e i T KA R SR A LR
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