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1 [ ORI A AR M 8 3 R 370 8 TR Y A BERIOCR I
Tt Vo i

kA R RA?, RN B At ARUFE AR 2!
1B RFEAEMRFEE AR, M 510632; 2.7 AR AE SR A RBRATARA T, T M 5100605 3. Bk
SFRAEAYIE L, T 5106325 4 BT A RAVBEARA R, T 361000

W B RSCRIFHER . B A ATRA DR BR324 = SR B R S T, HEARIKE A A N Y
XS IR TR (DPW) H COD., NH,-N. TN, TP KL ZMAHEUIR S22 5, JFEad 165 rRNA =i i I3 %) ok
I . G5 SRRIA . DR SEURE R N S A W S e i SRR RCR BeE, W SRR COD., NH,'-N,
TN. TP 3£k 93.77%~94.14% . 99.44%~99.89% . 64.63%~85.23% . 92.68%~95.74%, %t SMZ2. OTC.
TC. CEX. OFX 34 E B %00 IALE 94.729%~97.07% . 94.85%~95.27% . 83.17%~92.05% . 47.62%~65.02% . 52.76%~
69.45%, HAKBRA LIRSS, 3 4B AP TN A4 BRI 5 (P<0.01), Xt SMZ2, TC fil CFX H)ZBR3L
A A (P<0.05), {HXT NH,-N 1 TP () EFRIC B E LT 16S rRNA SRl s T a2, 3 4ugibiEki A4y
I b B 40 & R AR 2 AT T 1] (Proteobacteria) A1 UL T B 1] (Bacteroidetes) A Xt =F BE 45 & ; Thauera J& . Zoogloea )&
Flavobacterium J& M Arcobacter J& NPHE , H P LU AN F0 Thauera J& 75 W ki 4B A X F i i, 158 36.27%,
BRI A RIS e B BRECR . TR 4S 0T AR AR i s AR A B FRA R K SR IS A %

KHEIR) MBS EYIENL (BAF); FRIGVHIR (DPW); PUEE; MUAEMREE

KERMER FRRFEER, PRI 53107 K48, Hgeit 2022 i E G IR
I 7x10° 3k, B AR KA S T 49> 10° A=A A TSk . REEBAL A oK 280
PRA . 1AL S EE S 72 TR FETAR (digested piggery wastewater, DPW), HARA LML, NH,-N 7%
. YRR ) 225D Ak, FREE R T A AR UA: I RERE F S MO
KA 75% BBt R BB Y, SEEHREK PER ErdtA: R, R K r A H ™R
Pell, xR ETG KBNS ]

BEAEWEM (biological aerated filter, BAF) j&—Fp g . WeMt . A=Wlsfi TR KB T2,
BAGRCE ., SASEEATY, C2p) TS MBOKRALEL, AR, BRI A AT s
RMEBRA . BREFHRERDT, MEHES . KA, PraRD . 259 R AL (pharmaceutical and personal
care products, PPCPs)""" S5 Fh g F 15 Y RILARIF A L BRASCR . Bhn471 R P oW A 20 5 SEDR
SRR TSR TN, TP, COD M1 NH, "N AYEERERLAF] 80% L) I, CHEN £ D) iid: [ 4
MRFIIRA R AR S A YEh, FHACEIFRRROK, S5 R0, BRI i AL Y e
it 80%, *F 9 FiiA R M LBRAIAT] 82.1%~100% . BURHEAEYIIRMBAL LIRS, BRSNS ),
I RA YRR LR E T, HAPERE EHS TS Y L BRECRMY, W DR BRT L AW
A REEREIRS 5, kL. WA AR A ERMARR R, R R T 20 IR, ZHOU 4 it
FEE I T KIS B RL . Wi . BRa NP REEY RS A Z MM EAER, 45 R3R 504 .
BRAOPIFBPEHELG, FIRATEAR FEBCHACKRR, (HBREA T S K ReE, AYRRAER AT/ NS

s BHEE: 2024-04-23; FAHHA: 2024-08-23

EEWE: I ARAFRH RN & %5 (2015B020235008) 5 |~ A4 H PrFL A 7E 3 M (2019A050505005) 5 J& 71T 0L E 35450
R A AT H

F—EE: KE (2001—) , L, WEBEEA, BT W KIS QA T, zhangmeng@stu2022 jnueduen  DRBIEIEE: By sk
(1981—), B, Wi+, @&, W5 m ARG A SHEHEY, taoran@jnu.edu.cn
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DRI o T 2 —PARTEX 3 PUERHE TS R BRACR KA A U 22 5

I iR Rt C 220 HI T IR KAR PR 7, JSBRACRZ IR RS XA s, B4
WIFERM], 7EANTRRHB . SBR R4 MBBR R4 4575 KA B R GE i S MRS i K AL S ki
HEK C/N HERT ABR AT i SRS AL RE T LIS BIACR . ASCLAFRE TR WAL BT 52, FIFHRRAT . PR
Yot 3 BRIk =g AR UEIET , BEEARIBEK C/N R WFRIERIR PR BrE IRt i
RIRBRECR, FERHER Y E A PR T 0t . IFEa il L A YA B RE K 9 T
ERBREET, IIRIEFRIEBOK A RSB A4

1 #REEE
L1 StiRE
SEYGREE N 3 H SRR A YR, B K wo

IR H 3 ARBR 0.1 mx0.1 mx0.5 m(KxHix . = I
) A PE LB TG (1 1), A=A 1 H - P
TERIHEL T PYC I, TRESEIK T, JHD .
B K FURBRSCE, AR FE BN 0.45 m IH j i 1 MR
B 3 AURSCESREN ISR (TL, 0=03~ Wi
0.5 cm). W7 (FS, ®=0.4~0.8 cm). BRA (LS, &= . o Ulgy @ LCNN . AR
0.5~0.8 cm). 4 Tl ML IE B AT AR AL h 1.2~ = e =
1L7L, 3 ALK . El1 BAF REREE

K R T M T S SRS I S TR Fig. 1 Schematic diagram of BAF system

e AERE S h /K 1.2 L, BRIK 3K, KL AT A SKIKIRE 3 gt pon, SsK S5 E (e
(hydraulic retention time, HRT) &y 24 h, F|HAEAEIE FOTCHIRS, BRE N 12L-h7',
1.2 EEEBT

HRFTHCR KA L BAF LERT5 ) ® 1 FEM BRI SEIRERE
W K I RV SR IR ), SE IR SRR A R Table 1 Pollutant concentrations in influent
. 71
4 BB BB T AN KRR atera different sages et
W, BB BV IEACh FRIE TR . BrBe B ™ NH,/N TP cop

[ 3K C/N A 118, BrBET #KBMAE AR BB T 96581839  87.55:9.84  20.0943.01 113.51414.58
CN Ly 6.17, BrBell Mgy BIVH#EAK CNEN el 102005699 953747.99 26154103 629.00425.01
4~6, BrBIVIERRIE KIS TGS T2 gy
TATIEEN 1 g FibE. ANEBYBGE K TS e 5
W TE 1,
1.3 FHERIERNETSE

RSB, X 3 41 BAF MISARTTo IR . oK, B 3 ATATHE, e KR
TSR, FEREEIV XK WO Fil BAF £ BOCHURI TR, BT s s

1) HHUKBHEFRINE . pH. DO AR KT 4T (YSI, USA) MllE . /KEfstra & (TN), &
A (NH,-N). BB (TP) Mifk2T 4t (COD) PR EZAREAREAE AT e, SR (TN) R
P o R Y i 22 S0 6 B I (HT 636—2012) 58, & &L (NH,™-N) K98 Bk 7 406 6 B i (HD
535—2009) MI%E, & (TP) SRR E R (GB 11893-89) MlsE, fh2#T A e (COD) R H LR
T (H 828—2017) M5E

2) P BRI , ASZIAS Y BRI R NE DU E (OTC). VUIE (TC). Al — I ELmENE (SMZ2).
WRVPE (CFX). AP A (OFX)S FiiEZR . /KFRREEIGZE 0.7 pm JERETNEE , FHFIESUERIRE . &
TR (%X HP 1100 LC(Agilent Technologies, US) il AB 4000QTRAP JFi#{¥ (AB sciex, US) #f7
W o EHITE S 0L 228 S0k

3) T A W BETE M o BURE K K RE JE B DNA 2 BGR 57 £ (PowerSoil TM DNA Isolation Kit,

269.17+14.62 251.35+14.15 60.65+1.50 1426.63£62.29
FrEcIlV  287.60+8.49 277.5749.43 61.77+4.03 1315.92+67.57
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MOBIO) £l DNA, DNA # &% 2] 15835 A YA w47 16S rRNA i &y . 514 338F(5'-
ACTCCTACGGGAGGCAGCAG-3") Fil 806R(5-GGACTACHVGGGTWTCTAAT-3") 5T 165 TRNA I
K V3-V4 X3,

FARRUIERT 97% B9FFIH—4~ OTU, FiF|H RDP Classifier(http://rdp.cme.msu.edu/) 5 Sliva (¥
PEFATIEXS, HUXTEIER 70%, 19814 OTU AN ER(E B FIH B35 AW A I = 6 FF R
AE Y AN ZE SR T o
1.4 HRIBES SR

A AR H Microsoft Excel 2016 #7483, I Origin 2021 &, R SPSS 26.0 #4748
TH2ER, TEREMKT P<0.05 5 P<0.01 FRRZERDE . IKFEEEWE SR BHE S F 2 Sl i e
(RSN i=

2 ZR5TH

2.1 ERSEINERYR

SR 4 BB, 3 BRSAEYE K R cOD L EAL. EAEMLEB TR IR AR L R SSUR
WE 2 s, ERE T, #KE) COD SEEIE N (113.51£14.58) mg-L™', TL. FS. LS 4IRS Mgy 2=
W24 9Ih 37.89% . 51.44% Fil 48.25%; B Il 4% #7J<ﬁf}%ruth}: TL. FS. LS 4105 A= 4 g b Xt
COD HYEBRHRBEIRTF (P<0.01), EHERFIIHIN 92.82% . 88.69% 1 88.85%., KrEx I FIFEL IV HEK MR
W, 3 I EXT COD LBt 90%, FEHHKIRA LA COD IR R TSR M ivgsE, ol
AL EYE ST A M URIRR A COD RIERR, X5 'ﬁ"‘kfr”‘” B R AR TR AR 3

3 HBESEYDEIXT NH, -N AP35 LBRFE T 90%., HrEelp i< EE%{F(&W%MZML%&%%@T
BE, BEABYEE 3 FECRHBEIL K DO RSFH4 T B T 4 mg'L (B 3), XARTFRIRCREAR
FEREMIRSTEIERT, Ao as RS2 (s R—3. h TREILREALRE H IR, HFF A %IJ?
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Fig. 2 Removal effect of COD. NH,-N, TN, TP at each stage
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Fig. 3 Variation of dissolved oxygen at each stage

THALTR RS IEERT, BRI, KRR A LSS KA B BEXT NH,-N RBRIC B3 (P>0.05). 7B
BIVIEY, BAAETRERAIE2E, 3 S EYnEi /K DO BIMREERFIR, M TL 238Xt NH,-N #95Bx
FAAE, FS 4UH LS 4B A LBRFFIEIRN, X TR TRk ZALE5 M [ TL Zmg AR YE s B w 4R

BARARBEIRen 4R, BME DO TR, 15REIASF TL 41X NH, -N JLF M 2BRECR
AFIBTEE TN M EBRR 22 TRk BB 1K TN PR (96.58+8.39) mg- L™, 3 4B AW
TEHLIY) TN S L BRE R 11.55%~14.10%. BBl $#& m vt KR & L5, TN P LB R IK F] 46.36%~
58.00%, HHE: I BEHEE (P<0.01). BYBLITABTELIVIEARE TN B LBRRM I AR ks, BBV
HIAPBEIS N TN (9 ER3R (78.99%~85.23%) HBTBEN(53.63%~64.63%) BIEHETF (P<0.01). WA FEN Al
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AT A DU S HAMA, b kaAE RS, BRI ARRREE A BRI R B =T
= BARAE PR IE AT R T ISR . RIBRTERR T SR EZ A, AR TR TR
AR, BKANUAATE S, TN By ARl e,

3 HEESAuEHIXT TP AR /R, TL 413 EXT TP B RBRFEH: 90% LIL, i FS 41F1 LS Ziig
AR TP WA ZBRRAE 9.36%~50.13%, TL Z0%} TP AYZBRECRIH AL T HAD 2 41 (P<0.01)., 7K
PR B EELE A . DIvE . Wk, BT . AEPIBREEE AU RRRETY, SORIR R TP LRI =2y
APV, BRI, RIAFAE A Ot

SEXTBRBESCRA W s, PIRERIMAR . FURSS 2R . IRRHI3REY, SR IR R
W BB Tl A AR D ARSI RS, R E KR TS, AR T REEREXER
AIRMSCRI S BREY, eah, B LB XS TP (1 LBRACR A K (P>0.05), X AIREEEAEYIRB IR,
RUHAARBER Z A SE P MBRBERCR , AN AR i AL, SRVHT LR B S B i, 3R
BEVEREIEA AR,

2.2 A[EHER} BAFs 3t ZRUATERR

4 3 S AEYEHEE TR S FhbiA Z IR AR R AR SRR TR S Rt
4 SMZ2. OTC. TC. CFX fl OFX, H-FXmsiiE 35k 25.52 ng' L', 484.03 ng'L™', 18.18 ng'L™",
72.93 ng' L™ f1 116.19 ng-L™", HLAERFEWKER/NE: OTC>OFX>CFX>SMZ2>TC, OTC [Jii Sk e
A 4 R4 R . OTC FI TC MIUFF R IEHUR AW, e EERmbtER, SEGHBERT
OTC Fratip s MiH HG /KA B T 26 PUIR RIS R B BRACRABREY, FEARMIIER 3 4l Ak
Wi, TL 4% OTC 1 TC M4 ZBR3RAE 80% LA b, TL 4%} TC F1 OTC A ZBRECHR A WAL T HAh 2 41
(P<0.01). AHFFEL" R, DUMEIHUERILFRDITRIR IS 3, 2R IR A DR S A8
HANBERFIZIEIK, X VUM RSP UERABIA I LR, X SASCMR SR 3.

WBEIVZERR KR A LIS, 3 4IRS AEYIIEMRT TC 1 CEX M2 it e . BRSPSk
RIS R BRI T THR9E, WASE] TR RIS5E, TR A A A TRy R 5Bk, 3 2
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Fig. 4 Changes in antibiotic concentration and antibiotic removal rate during the operation of BAFs

SADIEMXT SMZ2 B RBRAELS, Forf TL I EBRRAE 90% LA L. 3 IR EPEMRT OFX HyLERAR
1E 52.76%~71.89%, EBRECRRAF, EIMHELemy 2 0 A R R LS a0 00, X mTReE i Tkl |
W BT A: RIS,
2.3 TNEHER BAFs A ¥R

FEA A YRR R AR E RN T s B AN 2 PR . LA IR AT 55540 98% LA |, X R IIINF 2
I TS REA I R 280844, 15K WO 1) Shannon $8%5 /5, Simpson F8%AX; 1M TL 41f% Shannon $§
Bk, Simpson f88URR, KUK YIREANERE & EAMZAEEIL. ZHOU 487 W5 B, A=W
A K S E B R ST (TR AOTERE. BEAWIIEA- K, SRS nRphr mORF LA T HoA 2 it
B, AHBFRA KRR, FE SRR, BAER AR E S R A TERRE R e, il
TL AZRRRES Z RIS ST AR, X5 AP LB T HAB AT

WKl 5 Fos, AEAEYIRRAE bk 21 =28 TR 2R IE TR 1] (Proteobacteria) . AT (Bacteroidetes) |

EE%% l\—J (Firmicutes) %ﬂ%@%ém% l‘—J (Patescibac— % 2 BAFs Epwgiwgi;gaq%*i,ri%\ui%g{aﬁ
teria), 1 4‘ éﬂjﬁé il EF‘ A 5 % ‘Z iy i Table 2 Estimation of diversity and abundance of
75%. FEFETHI WO FER AR TE 1] (18.94%) microbial communities in BAFs

TUFTHIT T (26.63%) FIFRERT T (22.31%) FI-FIEEEL
i, JREERE] TERA AR R AL,
AMERERIR, AMI TN G LI AAT . Bk
Az Wy BEEAE b AR TR T T AR O R A e
52.99%~69.15%, THUFTFT TFIEEE R TAHXS FRE
ﬁ@?ﬁ%{&, ﬁ%m ﬂ‘%ﬁﬁﬁl‘?éﬂiﬁ%fﬁﬁ’ﬂﬁﬁjﬁ% LS 4.38+0.07 0.04+0.01 967.67+153.27 940.47+87.00 98.79

FEfh Shannon  Simpson Ace Chao Coverage/%

WO 4.99+0.03 0.03+0.002 1290.54+6.53 1267.19+14.16  98.36
TL 3.45+0.23 0.14£0.05 735.13£66.80 688.84+56.22 99.09
FS 4.08+0.47 0.06+0.04 874.38+156.39 879.54+166.96  98.83
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ik, AR FEs, HHBA RIFRTA
Brufae s, REBUAEMEYE T2IUATE
7 1, Epsilonbacteraeota [ ] 1 i £ B [
(Actinobacteria) FAHXS 4= B2 7 0B A: W) B b 41
. LISEM 5% & B Epsilonbacteraeota [ 4f]
T2 e PRI Y B e ORI, T 8t R Sy
Epsilonbacteracota [ 4t P $& {1t 25 o7 s il HAR XS
FREE . AT AR RE TR, HXDBSER
B N RE T R, HAHXS P EEAEERL B s

AR 2 /%0

AWFFEARR I BPRLITRA 1) T AT T FHDT Wo L = TS
BT VAR e, SIS ORI ik 51 o oy
69.15%, XnJfHES TL 4B Az ey X [ | Bacteroidetes I Cloacimonetes
N N Firmicutes Synergistetes
[ ESTEZEP S I Patescibacteria = Verrucomicrobia
iy — Epsilonb Fusobacteri
B AP LBk By R B B 6 B B Aoxnosocern B Dependentc

FHBW WO ' DMERG4 J& A1 Smithella J&ARXT Chloroflexi B otters
FEERE, DMERG4 J&FN Smithella J&¥ 5N B5 VKT EAEEEESaN ST
AbFE B 24 DMERG64 |8 2—25 5 Rha A Fig. 5 Distribution of bacterial community structure

P 2 2 2 - hylum level
PR MIDIRERCEY), RESMIPIRRA T R A, atpnylum feve

SRR E PR HeaeR Y Smithella JEJETITRER AR, HT 5= b S VRN IR
R SIRIEEWON L, 3 AR AR W RS W I 0 D S TR B AR S B RN R A T e AR A,
Thauera J& . Zoogloea J& . Flavobacterium J&F Arcobacter JEN1E 3 IRV REIR, Si5dwW)k
BREGVIFIC, Thauera JBRZ WHEVERMCANTR , BA FEmib-ar 8 mste s, $if 52 muk QA
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Fig. 6 Distribution of bacterial community structure at genus level
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R, G SR LA S P e, (ke B AR T I A RS LRSS (L DRE, Xha
RAMBRAHFFRS I LBRR, B TIERIARR], =3B E AR 22 R . BRI R RS
BARBERGE, A Thauera JEFIAXT B R (36.27%), {5 kgl e & RBRacimdE, Hin T3
HA Y R WA A ERE S Arcobacter J& N Diaphorobacter J& WX £ E# R, Arcobacter
JE eI R O, B SR EIRERY . Diaphorobacter J& &G IRHE LR, B
HRAHRE I Zoogloea J& . Flavobacterium J&FN unclassified f Rhodocyclaceae JETEMRAT4 (LS) AIAH
XERER, Zoogloea JEAMHHAZEERE ), TER/KANHLS R FIE U ABRRRI5 e . Flavobacterium J&Z
WA SRS LR ) B AR 1Y, WIVE R BURT 5 Y i 22 R B 2RO R USR5 e 9 DL B o
unclassified_f Rhodocyclaceae J&- 5B MBI Z B3 IAHED
3 &g

1) 3 B AU SRR TR 15 P YA B AR R SBRIERE, b AR R R SEDRL R S A i it
FEEXT COD. NH,-N. TN FI TP ¥ RAFIIEERECR, KBRFEDIH 93.77%~94.14% . 99.44%~99.89%
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Treatment effect of digested piggery wastewater by biological aerated filter
with different fillers and microbial community response

ZHANG Meng', ZHANG Longzhen®, TAO Ran'***, LIAO Ruomei', YANG Yang'”?, TAI Yiping'~, FU
Muxing*

1. College of Life Science and Technology, Jinan University, Guang Zhou 510632, China; 2. Guangzhou Heyuan Ecological
Technology Development Co. Ltd., Guang Zhou 510060, China; 3. Research Center of Hydrobiology, Jinan University, Guang
Zhou 510632, China; 4. Xiamen Zhongren Hemei Biotechnology Co. Ltd., Xia Men 361000, China

*Corresponding author, E-mail: taoran@jnu.edu.cn

Abstract  In this study, three groups of three-stage and tandem biological aerated filters (BAFs) were
constructed with ceramic, zeolites and gravels as fillers, respectively. Under the conditions with different C/N
ratio in BAF influent, the treatment effects and differences of COD,NH,"-N., TN, TP and antibiotic in digested
piggery wastewater (DPW) were investigated. Thel6s rRNA high-throughput sequencing was used to analyze
the biofilms of BAFs. The results showed that the BAF with ceramic as filler had the best effect on removing
pollutants, and the average removal rates of COD, NH,-N, TN, and TP in DPW were 93.77%~94.14%,
99.449%~99.89%, 64.63%~85.23%, and 92.68%~95.74%, respectively; and the average removal rates of SMZ2,
OTC, TC, CFX, and OFX ranged from 94.72% to 97.07%, 94.85% to 95.27%, 83.17% to 92.05%, 47.62% to
65.02%, and 52.76% to 69.45%, respectively. After the C/N ratio in BAF influent increased, the treatment
efficiency of TN by the three groups of BAFs increased significantly ( £<0.01), and the removal rates of SMZ2,
TC and CFX also increased ( P<0.05), while the removal rates of NH,-N and TP increased insignificantly.
According to the 16S rRNA sequence analysis, the relative abundance of Proteobacteria and Bacteroidetes was
high in the bacteria on the biofilm of the three groups of BAF; Thauera, Zoogloea, Flavobacterium and
Arcobacter were the dominant bacteria in the bacteria on the biofilm of the three groups of BAF, of which the
genus of Thauera, being mainly the denitrifying bacteria, had the highest relative abundance of 36.27% in the
ceramic group, leading to its good removal efficiency of pollutant. This study can provide a reference for the
treatment of aquaculture wastewater using biofilter technology.

Keywords  biological aerated filter (BAF); digested piggery wastewater(DPW); antibiotics; microbial
communities
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