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20, MAS 25. MAS 30; NAS 5. NAS 10, CASMBR — MMAS-MBR  NMAS-MBR
NAS 15. NAS 20. NAS 25. NAS 30, HFr5 6 CAS-MBR, MMAS-MBR. NMAS-MBR &
ERWF. EUEBAFTETE, XUWIHTH Fig. 6 Molecular iﬁ;h?difti%iiziiMP in CAS-MBR
Gl K B R T 5 A B 0 B B TR L ' MMAS. MBR and NMAS.MBR ’
HE— B HH S MBR R R s fT 8 RERI 2 & .
3 & MBR RGA R B BOAHE £ B S e 24 Fx1 SRHERNNMEDHEEEMSHMERER
PEFERCANFE 1 i . Chao $8 50 7%, WINmEE Table 1 Microbial community richness and diversity
AL ) MBR 7 5 f ) F B o 0 8 o of udee samoles
Shannon FE ¥ i7% , XML CAS-MBR R#ehypy AT AHOPA Stamon  Chao TR
?g gﬁé‘lﬁ Fﬁ@’/ﬁ‘ Hﬂ' lEﬂ )ZLE fi ﬁﬁ{}ﬂﬂ\ , ﬁﬁ{«ij@jﬂ] %1@ CAS 5§ 55799 4.618 935 861.069 4 0.997 455
%ﬁ *j MMAS-MBR *ﬂ NMAS-MBR /2%\ ?L E@ %T E CAS 10 49 569 4.605 335 876.258 1 0.997 075
gﬁﬁ%ﬁ—?f}%%ﬁﬂ’{‘, ﬁ#%ﬁ%%%i%%éL CAS 15 51959 4.378 212 874.763 9 0.997 017
ﬁﬁif%%%%&“ﬂ&%*ﬁ(*ﬂiﬁﬁé@ﬁﬁﬁ ) ﬁ?ﬁ]:]: CAS 20 49 614 3.965 202 794.851 9 0.997 158
1% Bﬁ% é‘b EI/‘J *%\ﬁ_’i'lﬁ ) NAS 5 56 247 4.529 297 881.097 8 0.997 315

EE IEI 7(a) HI u E‘ ]LH . Proteobacteria Xj_:‘ﬁj]"ﬁ NAS_ 10 52 846 4.619 066 884.501 3 0.997 199
*—EF‘ZIK 'T‘E'EEHEQ% ’ —I_j‘Zﬁle‘ E/‘J%I—XJZ‘IE[”»]S] giio T:E NAS 15 49 772 4.425 983 878.1253 0.996 866
CAS-MBR. NMAS-MBR. MMAS-MBR /%2 L':':‘ ’ NAS 20 47 236 4.452 381 925.036 1 0.996 528
Proteobacteria 7y 5l 5 &L A ¥ H B9 39.77%~
55.22%. 30.71%~50.78% . 24.82%~49.75%. 5
Xt IR ZH CAS-MBR AH LG, B fRE M WORL f5 5
%11, Proteobacteria 1 Chloroflexi W) B =F
JE5Z A0 T [FAEK, R0, BE I ] B 2L
NMAS-MBR, MMAS-MBR R%iH! Proteobacteria
F1 Chloroflexi B PP+ FE B W B AL, X RES

NAS_25 45 690 4.621 256 786.685 0 0.997 371
NAS_30 61315 4.531 107 730.338 0 0.996 936
MAS 5 44 388 4.575 355 8959176 0.996 443
MAS_10 46 561 4.346 376 844.407 7 0.996 954
MAS_15 49 416 4.585 624 895.6522 0.997 005
MAS_20 49 870 4.351472 818.671 6 0.997 112
MAS_25 50335 4.008 669 763.5720 0.999 717
MAS_30 61 368 4.682 225 772.6320 0.999 680

FEE TG L SRR IR OC . fh B 7(b)RT AT, % B4
CAS-MBR R 4t "', Alphaproteobacteria Bifi % W (8] () ZE 25, F fF =F AR 34 i ; NMAS-MBR % 4t
W1, Alphaproteobacteria Tiif ¥ &b F [ 45 4= B /K S, J5 B0 =F B0 B 28 (B3 IK F [ CAS-
MBR F ¥ ; MMAS-MBR & 4t "', Alphaproteobacteria §ij ¥ F= B /K 8K, 1] £ [ 5 NMAS-
MBR #1245 39 9 B 0 i 3 % T [ 4] CAS-MBR ., NMAS-MBR. {11 §if A9 A 53 E 3 52 5 Je )
A SRR T RN A P B ey p g e, g5 5 4 g TS Qe 0, 1T RAHEN Alphaproteobacteria
A Re G| A TS e ) B MR, RGBS 51 AT BN 2§ Y Alphaproteobacteria #2E) T 1) i 1E
L SRS T BTG G, JF HAOK ROBE (9 REPE R BHI R CORAE TR RE . A b st f
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Fig. 7 Systematic analysis of the microbial community
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structure at phylum and class taxonomic levels for each bulk
sludge sample (presented as = 1% of the sequence reads in at
least one sample)
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Abstract In order to alleviate the problem of membrane fouling in membrane bioreactor (MBR), three MBRs
were built to investigate the effects of magnetic microparticles and nanoparticles on their performance, including
the pollutants removal, properties of sludge mixed liquor and membrane fouling. High-throughput sequencing
was used to deeply analyze the relation between the succession of microbial community and MBR performance.
Results showed that the addition of magnetic microparticles or nanoparticles had no adverse impact on
pollutants removal in MBRs. The effluent COD and NH;-N were lower than 50 mg-L™" and 5 mg-L™,
respectively, which could meet the first-class A standard of Chinese sewage discharge standard (GB 18918-
2002). The addition of microparticles or nanoparticles can effectively alleviate membrane pollution, and the
alleviation effect of magnetic microparticles was more significant. Analysis of membrane fouling components
showed that the additions of magnetic materials with different sizes could effectively reduce the concentrations
of SMP and LB-EPS components, and effectively reduce the content of macromolecules, but increase the
content of small molecules, thereby the membrane fouling rate decreased. Microbial community analysis
showed that the addition of microparticles or nanoparticles may inhibit the growth of pioneer species of
Alphaproteobacteria indcuing membrane fouling, and the membrane fouling was effectively alleviated.
Moreover, the magnetic microparticles also presented the better performance than nanoparticles. This study is
expected to provide reference for engineering practice of regulating membrane fouling of MBR with magnetic
activated sludge process.

Keywords membrane fouling; magnetic materials; magnetic activated sludge; pioneer species





