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Abstract: To reveal the microbial community structure and functional characteristics in different types of industrial wastewater
treatment plants, this study selected three representative facilities in Xiamen—a food-processing plant, a semiconductor plant, and a
comprehensive industrial park. Based on high-throughput sequencing and multiple analytical approaches, the diversity, community
composition, and metabolic potential of activated sludge microorganisms were systematically compared. The results demonstrated
that different types of industrial wastewater significantly influenced microbial community composition, with water quality
parameters such as COD, TN, and TP playing critical roles in shaping community structure. While Proteobacteria was the dominant
phylum shared across all three plants, Firmicutes, Patescibacteria, and Deinococcota were identified as characteristic phyla in the
food, industrial park, and semiconductor plants, respectively. Functional gene prediction revealed distinct differences in the
abundance of metabolic pathways among the plants, with the microbial community in the semiconductor plant showing notably
lower abundance in pathways related to organic matter degradation. Overall, the structure and function of microbial communities
were strongly driven by wastewater characteristics, and the identified key taxa provide a theoretical basis for optimizing industrial
wastewater treatment systems.
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Table 1 Information of industrial wastewater treatment plants

V5 KAL) B AR FRRUE (1) Ak ¥ (m) HRT(h) Kt () JKHR(C)
REh/ 9x10x7 1.5 2
S5 K A/A/O 20000 Besd iy 18x10x7 6 4 183
I 18x10x7 6 4
, - RN At/ 2.5%5%5 6 2
AR IRHEYLIEHA/O 500 : 18.3
ISR @2.5%5 3 2
T VRERITIE+A/O 200 @%mﬁl/ #3478 24 3 18.6
ISR ®3.4 x7 18 3
1.2 BALSEFRIE 7(GB 11893-1989)illl 7€ ; A M) 2 FE s ik 71 23 06016

K WTW-pH/Oxi340 {85 0l #4052 pH
18R PR 5 Bl (HI505-2009) 31 5 BODs; K H
FAS R ER LI E b 22 T COD;Z A (NH, -N)R
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nitrogen, TN) K FH Bk P 3ok % R BV Ml — 5K 40 43 D't e
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FE2(HT 488-2009) 47 M5 ; M A2 0 — 2 i
R FIRIR 7 6 1L (GB 7485-87) il & 5 ok i
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Table 2 Industrial wastewater treatment plant inlet and outlet water quality

V5 KAbER ) ZH S COD AR S BOD; pH i F Cu As
K (mg/L) 3.15 189 33.5 435 66.4 7.1 1.26 0.00616 0.00475
(o stey/ VI HK(mg/L) 0.112 6 0.262 6.81 0.6 6.5 0.17 0.00211 0.00082
LR (%) 96.4 96.8 99.2 84.3 99.1 - 86.5 65.7 82.7
K (mg/L) 0.453 150 87.7 89.1 65.2 9.4 17.8 1.83 8.25
Al Hi7K (mg/L) 0.104 15 5.01 25.8 4.5 6.8 1.6 0.21 0.26
LR (%) 77.0 90.0 94.3 71.0 93.1 - 91.0 88.5 96.8
K (mg/L) 14.7 3915 1.26 21.6 303 3.4 0.29 0.00154 0.00078
iy H K (mg/L) 2.88 101 0.205 8.42 38 7.6 0.016 0.00056  0.00041L
R (%) 80.4 97.4 83.7 61.0 87.5 - 94.5 63.6 47.4
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Fig.1 Analysis of microbial alpha diversity in different industrial wastewater treatment plants
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Fig.3 The composition of microbial communities in different

industrial wastewater treatment plants

AR ERERTEE 3 ANASRISEIY ) Tk K ab 2R
JHEPRAS 53 K F B BT A WD 0 A m] o 3
AT IR 2 B ) 3 8 AR AR A A A (1) o1 LE A
Xf i, 5 AT & Shannon iR M 45 R — 2.
Blastocatellaceae J& T B AT B [ ] (1) 5585 77 B B AT,
RE I8 N AICA HUBR R 58, 75 3078 7 41 M A e 4k +¢
AR PO G HE K pH BB (pH=3.4)
HA WU 5 A2, I8 G, Blastocatellaceae iX S i
1R HL A A LB B B A2 oy s T T AT
Chitinophagaceae {EZE G5 /KARI ] Ff-F4k) h
By R Ay i, 3 32 B L 2 T o0 uis LT Bl iR
1 I 5 7K AR, B At LT ORI B 1 SR AT ML (i
FoUR AT HUS I A S B A v K R LA S
YA EEAEH.

2.4 AT KA W& e S A o i

HRHE ASVs FEARLE L Venn B ANF] T
b5 7K Ak BT 40 A i R Sk A8t P 3 R Y 2 TA) 3L
H ASVs(HE 4(a)).3 J8E Tk R KA HE | 448 it TSI,
TG VS e HF AT ASV 2351 K 8 A1 9,354 ASVs
G397 ASVs (17 0.16% A1 0.15%, Ui H 3 J LMl K
IKAEBR TR L A D> i) ST KA
B ORPE SR AR AR PR I ASVs 2R3 R

1110+ 3054 Fil 494 7E A M HHREAT (1) ASVs 23510
1762, 3351 F1 402,38 W45 Tk R /KA BE) 45 7k
A bR 2K 22 T e R R ) AR
UG KA B T ZI8 AT HIAZ O A

(a)Vennd

6
033% \ 404

026% \ 400

g IB66% 94.38% g .8428%
63 \0:16% /120 90\ 0:15% /60
1.42% 3.10% 1.67% 1.50%

3054

® Proteobacteria;norank_SC-1-84
Proteobacteria;unclassified_Burkholderiaceae

® Proteobacteria;unclassified_Rhodocyclaceae

"L | @ Proteobacteria; Ellin6067

1| @ Proteobacteria; Ensifer

® Actinobacteriota; Longivirga

Chloroflexi;norank A4b

© Protcobacteria; Thaucra
Proteobacteria;unclassified_Burkholderiaceae
Firmicutes; Romboutsia
Proteobacteria; Ellin6067

- @ Firmicutes;Clostridium sensu stricto 1

Jay ® Firmicutes;Bacillus
® Proteobacteria; Ensifer

® Verrucomicrobiota;norank Pedosphaeraceae

4 ANJE AP AR AR B ILAT I R
Fig.4 The common microbial communities in different

industrial wastewater treatment plants

XFHAT ) ASVs FEATHERE (] 4(b)),3 e LM%
IKAE BT I At b 3L BT A 90% LA E 35k B
Proteobacteria [ ],F:+,SC-1-84 F1 Burkholderiaceae
BEA & AR AR YRR, R I AR Pk
H - Chloroflexi il Actinobacteriota | ].SC-1-84
B2 5 K G WL I I A, A e A vk 3
ZL{f) 4 I Burkholderiaceae  JSH¥ I A M 71 4iF
ST T AT B H JE ML R A a5 2 R R A
fifg 34 17 17 A A i 2 BT AR SR A6 T B 4 it o
A P R FE 32224 Proteobacteria (/4 L
47.3%~95.7%), (H 16 % Tk K Ab BT 47 8K 1
ZEml AR ] R e b R R AE R 32
Proteobacteria [] I [] Burkholderiaceae R}l 2E4).



764 HOE

B R %

46 %

B mT ) R, 2% S AR 5 T e R AR U N,
EEAGINEST WIS E TP S/ Do engils)/ 9 & s el 4
fiffie 1) 28 254 v5 K AL BT H Firmicutes |5k 2E
Po#E 34T ASVs HI G L 52.0%, B T
Proteobacteria [ ] (15 bt 47.3%), 42 3= ZEAE H I AE )
RBERR T A %€ B H 45 JE 1K) Burkholderiaceae
BHRAEY), £ 2% Romboutsia J& T4 4).Romboutsia
JEAESREA S N UK BEIR AN 0 2. SR

*kk *kk *kk Tk *kk ok
*kk *kk Tk *kk *kk *kk
*kk *kk ok ok *kk kK
ek ek *kk ek kK ok
* * * * * *
* * * * * *
*kk *kk *kk ok *kk ok
*kk Fkk *kk *kk kK kK
Tk *kk *kk *kk kK *kk
ko *kk *kk kK *kk *kk
*kk *kk *kk *kk kK *kk
ek ek ek ok ek *kk
*kk *kk *kk *kk *kk Fkk
Fekk *kk *kk *kk *kk k%
Tk *kk *kk *kk *kk *kk
* * * * * *
Tk Tk *kk *kk *kk *hk

OOQ QOQ ¢ '@ @? "%

SEAT R AT 2 BRI I SR R
SAEH I s AE WSS HE N Proteobacteria ] R IT
Thauera J&(d7 35 ASVs Hufi] 91.2%), HoAE TV K
K T 2 5 M b A VL% O ) 6e
Top 14648799 g i | 3k 25 5L Burkholderiaceae BH 4=
WA A A A T R A AL, 25 T Tk
T3 7K TG WL RN B o (1) A

2.5  IRBEIRF R A PR 45 R4 1 52

*kk *kk *kk Thermaceae (RES]
Hekek *kk Hkk unclassified RBG-13-54-9 Deinococcota
okek *kk ki Blastocatellaceae Chloroflexi
unclassified_Saccharimonadales Acidobacteriota
Hokk *hk i AKYH767 8 :
) Patescibacteria
Saprospiraceae ,
o Bacteroidota
Chitinophagaceae
T 7 = Geiiitatacess Planctomyce‘tota
¥ x = T — Proteobacteria
SC-1-84 Actinobacteriota

Caldilineaceae Firmicutes
Nitrosomonadaceae
unclassified_SBR1031
Rhodocyclaceae
unclassified_OLB14
Bifidobacteriaceae
JG30-KF-CM45
Bacteroidetes-vadinHA17
unclassified_C10-SB1A

Nitrospirota
Armatimonadota

Hkk Fkk Hkk Burkholderiaceae
Hkk *kk Fhk Anaerolineaceae
Hkk kK *kk Lactobacillaceae
Fkk Hkk Hkk Hyphomicrobiaceae
'NS9 mrine group
Nitrospiraceae -1
* * * Fimbriimonadaceae -0.5
kK *kk *kk Pirellulaceae
unclassified_Ardenticatenales [0
Steroidobacteraceae --0.5
B1-7BS L7
R & v

Bls  SRBEA T S ERIRERAR AL T (R

Fig.5 Correlation analysis between environmental factors and microbial communities (family level)

IH IS Spearman 5 AL T TV K & LK LR
PRXTTAE DIV SR IR (B 5). K b & TUK B
P 350 06 A 0 TR T 9 5 R AH R 6 2 I R, L
COD. BOD. GBS Gl MRS 4L 5 B
A~ pH . ALY, SRS S IUAH RAE L.
TERMCE A A 45 S H1, Thermaceae. unclassified
RBG-13-54-9. Blastocatellaceae. Comamonadaceae
I Nitrosomonadaceae FHf SANIMIHEL . SR E
EREFEFHEMEBA. ZA. pHE. WAy, &
AR R 5 S 3 TR AR DG, R WX SR B i A ) 57
IR GURT <5 g A S AR IR B DA O 46 v 4
FIZH 53 AT, Thermaceae F11 Blastocatellaceae £S5
PRI SRS R B L W A N R S
DR TRt PRk, MR SE I & v 2L A, vl ol it &

TR gs G A A5 F e e &, DR Tl K
S Rl I o SN S i O (Y I N =
Comamonadaceae Al Nitrosomonadaceae AA{E 3 JHEJL
AT rp I R AR v P (R X G R 46 i 1)
LA AR AR, A0 T8
1 Nitrosomonadaceae #3175 78 N 3 ZL I 2 8 AL Al
B B0 SORE 2 B O AR 8,0 5 el AL 5 SO
AR5 T Comamonadaceae 5 Rhodoferax

Nitrospira %% P J& t3 [\], 7] S & 32 T+ S AR 2 /1) 22
B, HARARIR (<15 °C) BT R 4y KRG fee 1L
AKYH767. Gemmataceae. unclassified OLB14.

Bifidobacteriaceae. JG30-KF-CM45. Bacteroidetes—
vadinHA17 .

Lactobacillaceae N

Burkholderiaceae - Anaerolineaceae

Hyphomicrobiaceae N



2 34 SLE ST AN MV RK AP S E D) e 2 R B 765

Fimbriimonadaxeae F/1 Pirellulaceae %543 4= 4 W) 5 A
GEAE P EAR I, AN B A S BER 2 8
FEAH OG5 A PR 455 DR 1 52 8 3 AR O 3R X
ST AR W) A AR N R K A LA () B A AT
B B 7 i 2 A EEEAE R Gemmataceae il
Fimbriimonadaceae 1) A4t R = B 4800 42
T (R HAH SR 45 R W AR 5 S 2 MR K h AL

(al) COGIjfEsr2k

2N

o THXTERE

4

0.

)

0
L P 4”4'54\@&
%°e°e°%°e~°%°+ 4T

M

B

It -

L

BV

LU UL ELLLLLE

e

P EEFT T,

Yo BRI S BUEANSCAEAT RN, 72 5 75 0
IR FHRARIITE B E AL I LRI A A o 5T
RIF W] C10-SB1A TS E A B AL 1H s, BE
AT RPN PR ARAE  BHTR SR M Y Bk
PEUEIR SR AL R Bl R KA SE T Bk SR AL e
g 5 A S A AR ST 2 R L AR G Fok
STV 2L 31117 628" el

(b) KO 2 #

mo N [ D | 305
ar N EEEEEEEEEEEE o e
= SR S R <0255 2
IR <005 e

HT KOI997 o
- S Kosos |1
K03797 .7e

ma .~ K00384 St

m K02529
K01996
N 03924
K08884
K01998
KO01784
K00626
K01952
KO07114
K01897

| [ B [ | L[| K01999
[ | [ [ [ ] | [ K02034
[ | N [ 1| K02033
[ | K07090

| [ | K02035 M SQH

K02014 SQQ

K06147
K02003 W XAH

Ko00s9 M XAQ
K02004 B XAY

EEEEEEEEN R R R K01992 | XXH
_!!!!!!!!!!!-----!!!- K01990  yyq
------------ B Ko3088

> OO @,@ *\

OO ¢¢”

K6 5T COG I KEGG IfT)fgs: B 5
Fig.6 Based on the functional gene analysis of COG and KEGG
COG FAMF K ARNA Al AE B R (0 SR A5 M M3l 3 2 CoRE ™ AR AN A DA FTR 2. A, R0 X E A S RIS S A Qs F oA 1
RIS GoRR KA & Wi i A AR H A R i A A LR s A A A QT8 A ORIPE « OB AR S R G K R R e 3 LiDNA. ). 4IRS
S M A LR/ 58/ TS e N4 I 1. O B 1 J B4, B 1 0T B 5 20 1 AR PG LIS T8 S AT A Qe AR T W B3 B, B A3 AR5 S:2
BEARHT AR T H SRS UM B B, 3RS s V- S L. W L S5 46 2 40 1 48

2.6 DhRe R Z R SR

i PICRUSE2 HEAT D RETII 73 Afr SRAGIAAE )
(AR 4 % (KEGG) I EL & [F] Y5 R BE(COG) 2515 2.
KT COG MThREIEF /M ;3 e Tk K Ab 2
J A A v Y e A AR A D R R TR I 2 R
EZERBUNE 6(a)). TR IR KPR G 0
PRV e 1k 2B W) A A5 T8 22 10 R 0 Dy R R TR 2 T
KEGG MARSHE i AR 0,3 A Tolk Rk ab 3 A=
b VS I M AEIAE KO F 040 LB 6(b) 47
16— W DX 5, U I SR FE 2 AN I 4 4
R AN GE S TV R KA B AR AR K 2
SRR BRSNS SR
o A AR O (AR I8 2 S L ) AR T
MK AL T FR G b 1 AR A, R AR TN K Ak

T ar s i A R R At 2 TR AE COG Al
KO JE 73 A b 22 S/ A i ) 1 i 40 it v
K06147 1 i 1) 7= & Wl 2 5 T 1 40, K 06147 1))
A A2 G 00 Vi 19 56 340 J5 i (Nir), A4 T PR 2 (N O3 )
5N — 48 A EU(NO), A SO A 2 g B S A0 B3
5 S At R BB A T L D REAR AT ) R s A it
tfr KO00059 A % 1) = 52 W) b 25 A1 T 40742, K 00059
Yt 1 W B (ADH), 1k 42 5 28 2 1Rl 1R AT
AR VB AR 5 I DT IR AR A X i)
T3 7K Ak B R 45 AR i A i K DR o iR e
L1 COD 2 BRAZAH— 5L

2.7 LEAtbd

271 RGeS hubidige ) METLGE T
MV K AL BT R dn | AR IR 2 FE



766 S ES 7 N A = - 46 &

B, XA TS (s VE I 7K T B8
gy, il EAAR)RE ) g R, iR e AR AR
W PR BT A7 Ay e i 0, A SCHCAE AR AT  B T v T
AL R T, G T i [ I AR A s AT
SRATOAC I T G Y S B STz AT,
Y RS E I PR IR BN e i s — e 50 kK TR
B RCR B DR A At A AR 5 25, ) 25 8 2 it
K B3 BEE K,y ANTR] B E IR el A2 40 €1 34 B 3 R 11

I DX,
272 WEVWREEDIBEGRECRICT Bk

] B S G PR Y b S A B AR 3 A DG 1)
AR 30 % = B ARG, IX F2 22 (T 1K TR A B 1)
W PE AR, WA - AR T AR 32 v i n & B
FE T TR LA B ) AR 3 K B IO B A
BILADD P PS8 vy, A 0 12 i) R, — 2 18 v R A i A
A5 e HE I )RR, O UE 2 8 1 HEVR & DLHE
B W Ve, A v R B ) SR AL, R M e KA
AIB R 7K g % B IS T, O A BAT 2 A i v 43 n s
D RE R 60 Bl ) R ERE A LA (SE R 5k B )
HiaAdw . \ma-BiEE. 55 IR &
RINEO R YR M4 ) mib BB
2.7.3 IRIEKF52N  Blastocatellaceae XIS iR
BRI ARI R, 2R 2 AR T 1 AR AL
RGN REZ EMK pH AR B phs, g 300 H P4 BE B
pH B i N i A 2 FRAIC pH AN GAE A ) 5 .
BEAR A = EE Db y5 K AL EE ) A 3 oK e -5 9,
5 DAH 5 B 3l AR 00,3 U B AE TR T TR by 7K ik
B, 7 AR T S50 AT 4.

3 it

3.1 T R T v R ) 7R 6 AN R 2R A T
P K AR ) R iE eV e TR i AR Dy A R S R AT T
i, 3 HE T K AL SR T A E = . 2R
K BTG K AR TR R R 2 A BAT Wk 2 ek

3.2 P TANIE DL R KT PTG e H T
EPIREE A AE T TR 3 AN T K Ab BT 3
H RGBT N Proteobacteria, If £ it | AL A
14 Firmicutes ZfA Tk [d X LA T A
AT M RARE TN
Deinococcota F11 Chloroflexi. fF BHKF¥ .3 Fe TV E
JKALEE]SEH # RN Caldilineaceae. Gemmataceae

Patescibacteria

A1 Fimbriimonadaceae, £ £ 5 ) 1, i St (R A 4
%14 Bacteroidetes. Gemmataceae Fll Saprospiraceae,
o S 1) L A W FE 8 Lactobacillaceae Al
Bifidobacteriacea; 23 & L. M [&l X 1 4 3 i B 4
unclassified Saccharimonadales; - /4 | ) {f; 34
#l/Z& Thermaceae.

3.3 Venn Zp#fraf AL WAL =i TR /KALBE) 1)
SRR A R R BT 8 9 ANIAT ASVs,
211 F 5 ASVs 11 0.15%~0.16%. 4 At PR 1k
Proteobacteria, S48t H LA 124 Proteobacteria Fll
Firmicutes.

3.4 g Spearman Z3#rvEAl 1 MV R K K % THK
BT R bR O B A B v 4 R R 52 e AR R K P
unclassified RBG-13-54-9 .
Blastocatellaceae .
Nitrosomonadaceae F1 Nitrospiraceae 53 WK &
FUS A BT 52 2 O OC, T RV s AU pH E
52 # IE A 2% AKYH767 . unclassified OLB14 .
Bifidobacteriaceae. JG30-KF-CM45. Bacteroidetes—

vadinHA17 . Burkholderiaceae . Anaerolineaceae «

I, Thermaceae -

Comamonadaceae N

Lactobacillaceae . Hyphomicrobiaceae Al Pirellulaceae
5K BT AR TR AH OGP D) 52 IAH S 119 5K 3R

3.5 JLT COG F1 KEGG Huds 7 1) Ty g 5 PR 0l
7%, TAVR KA B 78 COG ThfigdE N Z ke b2 7
PEBUNABAE KO AT AP 2 e X M 22
e H DMV R K R PR I 3 301

S X 3R

[11 Kim E, Yulisa A, Kim S, et al. Monitoring microbial community
structure and variations in a full-scale petroleum refinery wastewater
treatment plant [J]. Bioresource Technology, 2020,306:123178.

[2] Wang X, Xia Y, Wen X, et al. Microbial community functional
structures in wastewater treatment plants as characterized by GeoChip
[J]. PLoS One, 2014,9(3):¢93422.

[3] ChenH, LiuK, YangE, et al. A critical review on microbial ecology in
the novel biological nitrogen removal process: Dynamic balance of
complex functional microbes for nitrogen removal [J]. Science of the
Total Environment, 2023,857:159462.

[4] Li S, Guo Y, Zhang X, et al. Advanced nitrogen and phosphorus
removal by the symbiosis of PAOs, DPAOs and DGAOs in a
pilot-scale A’O/A+MBR process with a low C/N ratio of influent [J].
‘Water Research, 2023,229:119459.

[5]  AHURE, A, ok B S AR B AP0 T 2hHG /KA B
PIpLHL [0, T EREERE, 2021,41(5):2240-2251.

Hao K Y, Li Y W, Zong Y C, et al. Effects of acid mine drainage



ALIETT55:

AN T R AR B ) 5 A ) v A 22 A 00 BT

767

(6]

(7

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

irrigation on iron and carbon in paddy soils and the response of
microbial community structure [J]. China Environmental Science,
2021,41(5):2240-2251.

AR NI, AR S PR, SRR TG, 55 A R AT LR K B RS B TG P L
PRI (1], FRBIRIERTSY, 2023,36(3):535-545.

XuY Q, WuY H, WuQY, et al. Mechanism and control strategy of
reverse osmosis membrane fouling of semiconductor industry
wastewater [J]. Research of Environmental Sciences, 2023,36(3):535-
545.

[ R I |4 SN R e o ek s 2 N AL e R TN
HEJE (7], E LR, 2023,50(3):756-776.

Cao W G, Wang Y Y, Zhang D, et al. Research status and new
development on heavy metals removal from industrial wastewater [J].
Geology in China, 2023,50(3):756-776.

SRR, XA 5,45 F-53B JHME R 5 /K R AL HIL R 48 St
WIREE N, (7], v E PRI, 2024,44(2):721-729.

Guo Y T, Liu Y J, Deng M, et al. Response of wastewater anaerobic
treatment system and microbial community under F-53B stress [J].
China Environmental Science, 2024,44(2):721-729.

Nielsen P H, Mielczarek A T, Kragelund C, et al. A conceptual
ecosystem model of microbial communities in enhanced biological
phosphorus removal plants [J]. Water Research, 2010,44(17):5070—
5088.

Wang X, Hu M, Xia Y, et al. Pyrosequencing analysis of bacterial
diversity in 14wastewater treatment systems in China [J]. Applied &
Environmental Microbiology, 2012,78(19):7042-7047.

Ibarbalz F M, Figuerola E L M, Erijman L. Industrial activated sludge
exhibit unique bacterial community composition at high taxonomic
ranks [J]. Water Research, 2013,47(11):3854-3864.

Yang Y, Wang L, Xiang F, et al. Activated sludge microbial community
and treatment performance of wastewater treatment plants in industrial
and municipal zones [J]. International Journal of Environmental
Research and Public Health, 2020,17(2):436.

A, VU, A5 AR R K S e TR A A R A
ZREE T ], AR kK, 2023,43(3):19-29.

Wang S, Li C B, Xu H Z, et al. Microbial community structure and
diversity analysis of activated sludge from papermaking wastewater
[J]. Journal of Micobiology, 2023,43(3):19-29.

Yang Q, Xiong P, Ding P, et al. Treatment of petrochemical wastewater
by microaerobic hydrolysis and anoxic/oxic processes and analysis of
bacterial diversity [J]. Bioresource Technology, 2015,196:169-175.
B T WL E IR BROK A R G T e R E
TR LR S Z PR AT (0], FRIRRLAE, 2020,41(1):321-329.

Zhao T T, Qiao K, Wang L, et al. Measurements of bacterial
community and biodiversity from activated sludge for a wastewater
treatment containing starch [J]. Environmental Science, 2020,41(1):
321-329.

Silva-Bedoya L M, Sanchez—Pinzon M S, Cadavid-Restrepo G E, et
al. Bacterial community analysis of an industrial wastewater treatment
plant in Colombia with screening for lipid-degrading microorganisms
[J]. Microbiological Research, 2016,192:313-325.

Bi o VAT BAR R, A T K A S T P R R 2 R 2L
X PREE R Wi N (ST RE S [J]. AR AFE AR, 2020,47(9):3004-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

3020.

Fang P, Li Y E, Wei D Y, et al. Microbial community diversity and its
response to environmental factors during sewage treatment [J].
Microbiology China, 2020,47(9):3004-3020.

XU Ak, A 5, 2 R R A R 1L A A R X A LSRR Ik 1) 5
Wi S A REVE AR N [T]. T E PRI RLE, 2025,45(5):2654-
2663.

Deng J, Niu S X, Huang E H, et al. Effects of acid mine drainage
irrigation on iron and carbon in paddy soils and the response of
microbial community structure [J]. China Environmental Science,
2025,45(5):2654-2663.

Saenz J S, Roldan F, Junca H, et al. Effect of the extraction and
purification of soil DNA and pooling of PCR amplification products
on the description of bacterial and archaeal communities [J]. Journal of
Applied Microbiology, 2019,126(5):1454-1467.

R AR R K AL B AR S 5 8O- e (9], koK b
3, 2024,44(9):188-192.

Tu L B. An engineering project for semiconductor industry wastewater
treatment [J]. Industrial Water Treatment, 2024,44(9):188-192.

Smith W J M, Hu J, Zhang Q, et al. Evaluation of concentration and
extraction workflows for enhanced bacterial 16S rRNA profiling of
urban wastewater samples [J]. Total Environment Microbiology, 2025,
1(1):100001.

Wang K, Yan D, Chen X, et al. New insight to the enriched
microorganisms driven by pollutant concentrations and types for
industrial and domestic wastewater via distinguishing the municipal
wastewater treatment plants [J]. Environmental Pollution, 2024,361:
124789.

Garcia D, De Godos I, Dominguez C, et al. A systematic comparison
of the potential of microalgae—bacteria and purple phototrophic
bacteria consortia for the treatment of piggery wastewater [J].
Bioresource technology, 2019,276:18-27.

Kim SR, Lee J, Lee M G et al. Analysis of microbial communities in
solid and liquid pig manure during the fertilization process [J].
Scientific Reports, 2024,14(1):72.

LiM Y, Zhang R D, Liu S S, et al. Aerobic granular sludge for swine
wastewater treatment: Implications for antibiotic and antibiotic
resistance gene elimination [J]. Bioresource Technology, 2024,410:
131297.

AR AR SCANR S, A5 T WP I T o e 4 B 3% v 5 o] DR SR
FESEIR [0]. R85 TFE, 2021,39(12):159-165.

Ren A D, Zheng Y, Sun T Z, et al. Effect of slurry recirculation time on
anaerobic digestion of kitchen waste with high solid content [J].
Environmental Engineering, 2021,39(12):159-165.

GaoFZ,HuL X, Liu Y S, et al. Unveiling the overlooked small-sized
microbiome in river ecosystems [J]. Water Research, 2024,265:
122302.

Dong X, Zhang C, Li W, et al. Functional diversity of microbial
communities in inactive seafloor sulfide deposits [J]. FEMS
Microbiology Ecology, 2021,97(8):fiab108.

Wang H, Lin S, Zhang H, et al. Batch—fed composting of food waste:
Microbial of antibiotic

diversity characterization and removal

resistance genes [J]. Bioresource Technology, 2023,385:129433.



768

o[ F

ST
5%

B

46 %%

[30]

B1]

[32]

[33]

[34]

[33]

[36]

37]

[38]

[39]

[40]

[41]

[42]

Zhang B, Xu X, Zhu L. Structure and function of the microbial
consortia of activated sludge in typical municipal wastewater
treatment plants in winter [J]. Scientific reports, 2017,7(1):17930.
Zeng T, Wang L, Zhang X, et al. Characterization of microbial
communities in wastewater treatment plants containing heavy metals
located in chemical industrial zones [J]. International Journal of
Environmental Research and Public Health, 2022,19(11):6529.

Zhang B, Xu X, Zhu L. Activated sludge bacterial communities of
typical wastewater treatment plants: distinct genera identification and
metabolic potential differential analysis [J]. AMB Express, 2018,8(1):
184.

Kondrotaite Z, Valk L C, Petriglieri F, et al. Diversity and
ecophysiology of the genus olb8and other abundant uncultured
saprospiraceae genera in global wastewater treatment systems [J].
Frontiers in Microbiology. 2022,13:917553.

[/ = A | 3% 4 AV N i e S K B R AR e s R KA
bRt s [J]. BREERb2 244, 2021,41(4):1309-1322.

Chen X, Yuan Y B, Zhang J M, et al. Effects of macromolecular
organic matters on the characteristics and bacterial community
structure of the phosphorus removal granular sludge [J]. Acta Scientiae
Circumstantiae, 2021,41(4):1309-1322.

Liu S, Zhao F, Fang X, et al. The relationship between the community
structure and function of bacterioplankton and the environmental
response in Qingcaosha Reservoir [J]. Water, 13(22):3155.

Godzieba M, Zubrowska-Sudol M, Walczak J, et al. Development of
microbial communities in biofilm and activated sludge in a hybrid
reactor [J]. Scientific Reports, 2022,12(1):12558.

Zhang Z, Guo Y, Quan C, et al. Tuning phosphorus removal and
sludge reduction performance in S2EBPR process by regulating sludge
retention time in side—stream anaerobic reactor [J]. Journal of Water
Process Engineering, 2025,70:107133.

Chen H, Chen Z, Chu X, et al. Temperature mediated the balance
between stochastic and deterministic processes and reoccurrence of
microbial community during treating aniline wastewater [J]. Water
Research, 2022,221:118741.

Yang Z, Guo F, Wang Q, et al. Diversity of activated sludge microbial
community structure in different wastewater treatment plants [J].
Biology Bulletin, 2023,50(3):329-337.

Huber K J, Geppert AM, GroB U, et al. Aridibacter nitratireducens sp.
nov., a member of the family Blastocatellaceae, class Blastocatellia,
isolated from an African soil [J]. International journal of systematic
and evolutionary microbiology, 2017,67(11):4487-4493.

EREE LY UK B A R LR TS R LA
KL HHERE [7]. REER}A 4R, 2018,38(1):13-22.

Wang R C, Cheng X, Zeng X. Mechanisms and applications of
bacterial-algal symbiotic systems for pollutant removal from
wastewater [J]. Acta Scientiae Circumstantiae, 2018,38(1):13-22.
Zheng J X, Meng D, Chen Y W. The effect of free nitrous acid
pretreatment and aerobic digestion on the dynamics of antibiotic
resistance genes in residual sludge [J]. Eurasia Journal of Science and

Technology, 2024,6(7):47-55.

[43]

[44]

[43]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Cui K, Xu Q, Sheng X, et al. The impact of bioaugmentation on the
performance and microbial community dynamics of an industrial-
scale activated sludge sequencing batch reactor under various loading
shocks of heavy oil refinery wastewater [J]. Water, 2021,13(20):2822.
ZHI W 2K A AR B Burkholderia sp.ZHS ]
it A S AR R AAE ] (9], R BRI R 2, 2024,44(8):4282-
4291.

Li YL, Yang L, Zhang Z H, et al. Nitrogen removal characteristics and
bioenhancement effects of aerobic denitrifying bacteria Burkholderia
sp. ZH8 [J]. China Environmental Science, 2024,44(8):4282-4291.
Huang J, Chien M F, Bacosa H P, et al. Production of lipase and
extracellular polymeric substances by the lipid-degrading bacterium
Burkholderia arboris strain JYK2 in response to different substrates
[J]. World Journal of Microbiology and Biotechnology, 2025,41(6):
198.

LiuJ, Wang R, Qiu S, et al. Feasibility of double nitrite supply through
partial nitrification and partial denitrification driven by sludge
fermentation [J]. Bioresource Technology, 2024,414:131580.

Chen X, Zhao L, Wang J, et al. Relationship between microbiota
classification and working conditions of sequencing biofilm batch
reactor process in Tibetan habitat [J]. Desalination and Water
Treatment, 2022,278:55-71.

Patel R J, Nerurkar A S. Thauera sp. for efficient nitrate removal in
continuous denitrifying moving bed biofilm reactor [J]. Bioprocess
and Biosystems Engineering, 2024,47(3):429-442.

Li C, Wu K, Chen L, et al. Advanced treatment of low—pollution and
poor biodegradability sewage by combined process [J]. Journal of
Cleaner Production, 2023,414:137366.

Gongalves O S, Fernandes A S, de Sousa T G G, et al. From cultivation
challenges of Acidobacteriota to biotechnological promises—unveiling
what is needed to fully harness their potential [J]. World Journal of
Microbiology and Biotechnology, 2025,41(7):208.

Oh S, Choi D, Cha C J. Ecological processes underpinning microbial
community structure during exposure to subinhibitory level of
triclosan [J]. Scientific reports, 2019,9(1):4598.

Ding P, Chu L, Wang J. Biological treatment of actual petrochemical
wastewater using anaerobic/anoxic/oxic process and the microbial
diversity analysis [J]. Applied Microbiology and Biotechnology,
2016,100(23):10193-10202.

Sy Y1, AR, A PR S RS Yo I R VR S5 0 B 5 A5 TR 32
MNIRZRHT [J]. FREERRE, 2021,42(8):3886-3893.

Ma Q Q, Yuan L J, Niu Z D, et al. Microbial community structure of
activated sludge and its response to environmental factors [J].
Environmental Science, 2021,42(8):3886-3893.

Fu X, Li Y, Huang W, et al. Unveiling environmental adaptability of
magnetite-mediated ~ Feammox  system:  Multiple  pathways
identification, metabolic responses and engineering potential analysis

[J]. Chemical Engineering Journal, 2025,511:161921.

AR I s ALI% 25 (1987-), 4 A w1 N\, I, 1 1, B A3 5
AR R R B SC 20 X5 konglingfen@xmoc.edu.cn.



