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(1. A K= B0 7 B BRVL K P20 FE AT, AR AR 3 R O s 7K 7= B8 ORI Y 5 7% o S 3 =
IHRBKTZNREHARE SR E, R M 510380;

2. RIIEEERE, KPR ER YRR BTG, BiE 201306)

E: WEULNERRBENEMERBNLRSL, WEFREAYEYE 6 E (HRT) o AR 8§
R E (NC) TiZ 2t R b al, b 22 JNE5AF 8 A 5: 78 RK R A (LB IR By T 248 1
AR L2 N2 (LS) K — 4 X a1k K fz £ (denitrification reactor, DR) 4 8% JF |
ERFHFTE T, MEFRE HRT (16, 20, 24 F1 28 h) Fu INC (50. 75. 100 F1 125 mg/L) T
RA AL Gt B 2 & (NO3 -N). T# B 3 & (NO, -N). & A (NH,-N). B4 (TN).
(TP) #ufk, % % 4. & (CODcr) By £ R R . R A &8 2 M7 BA X 2 N4 KA R B2
(LS-DR) £ 32 AT 47 # o K ] it 09 20 1 2% % 48 M # AT 24« 4 INC J 50 mg/L, HRT % 24
hif, LS-DR 4t NO;-Nfn TN 3 A 47 B £ B F, £ B E 2 5 A 98.97%+0.52% Fn
97.84%+0.94%, B H K NO, -N ik & 13k 2| B K A F (/NT 0.5mg/L); 7 HRT 4 24h
HEal b, YINCHAmZE 75. 100 o 125 mg/L i, H NO;-N % % & f1 NO; -N % [4 # X
(NRR) #] [ INC # 3 i ify & 2 % Jm, 7k COD U f# INC B9 3§ A i F K, (B3R LT 4L
KA, AT, LS-DR £ ¥ANEHHE K T2 AR NH,-N;, HERHFLEREr, 20
GEROAMAANTHENMEEK, BRENFERE T, LSDRAKBHITCELLE
T MAFEIT . B@AFARIT . EEFI AEME, HEACHREFTEFTRERAR
(1.46%) 48 K B (0.55%). E & EHE (3.32%). Simplicispira (1.01%) & & & % ji
B (0.39%). E 2 H B (3.02%) F1 Uliginosibacterium (0.9%) ¥ £ 4 5 K # {8y # 47, Cyto-
phaga xylanolytica (1.61%) #n Cloacibacterium (2.69%) £ E 4 5 7 2 N4 K@, A HE
(1.17%) #u Diaphorobacter (0.64%) Bk & 347 R A 1Y, Hh #8  ## 2 N % . LS-DR #y 5% £ HRT
K 24h, xiEHH INC & S0 mg/L. AHF% 4 22 N4 E AR T 7 bRk 7 i &
i, AFAFAZBRBEERBRAKLESTY N ARGESF .
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BRI, S5 3R RO AL 2 PR K RS R £h (NO5™-N)
AN T EZ —, SRmoKEmRA L
(C/N) 2 il 29 5 5 S Al A0 B /808 1 S s R R W
W H IR R K IR AR 1.0 ~ 2,000 5 H), BT
AR EENL T AR, K, X SR e
TRIEAT IR BE o AT 75 2 A 5 o

G AR 2 R I BE . BRI TR 5 WA
WA T4 R A9 PCL . PLA %[ AR,
I AETE LA S . XMERAE . s ks, is
G A2 A I, BHAS T LT T R
v TR — R UL R N FRRAM B, BT
B 515 . B IR, HEA BRI RS
G R VIR B A SR T A 52 DTS, AR,
7K J1 15 B4 i ] (hydraulic retention time, HRT) Fl 3t
7K Fil§ BR £k ¥ ¥ (influent nitrate concentration, INC)
S5 M LA J52 5540 R e U ) [T R S A Ak 3R ek
REMYSCHEE R, X4 HRT BT, PR a) py ot
AN £ B S BG I 2 3 s A i ik AT, [
Fsf Fs2 i A 200 T AR 7K AR e sl B[] A o 2 3 e /AN
Seat, BfAE HRT B93Ehn, WASCRREZ s,
A 5 K ) HRT 25 FE AR R G819 b 21 300R 1,
Blackmer 61" U5 2 B, INC & 52 M i b &
SN EMERE, SRR NOy -N Gl il &<y
A, B AR N — R RO R AL . 8
INC [ Ft /= RE3G i B A7 B 8] N NO5 -N 19 L BR i,
Bl & INC [ REAG I 2 B BEAE s i 25 107, i R B
S INC 324 TR 2 i T2k, S A
(] P EZ0 A NO5™-N i 38t

22 K4 (loofah sponge, LS) 1E h—F i LI 4
WIEFEY), & &R, PAERMARER, [t
R AR IR , H A Z )22 4R &5,
% Bk E B 2 — Al B AR Y R AR i UR S, SR O T
HRT H1 INC XJ 22 JINZ% [ g B A A P R A4 520 /b
A HGE . AR T2 B SR A DL 22 N4 R ik
RRYE R R AL R SE, JFRFEAEA R HRT I INC
T RGN SRS, I8 I F I A AR
T 22 N R LS R AR ARG B, 1 FH v 3 o I
ARG T SN A 3 AT H) 3 FI AR 0 7 240 B 9 5 4
L. ARWFTTLE I R 22 NG AE R B A i U5 AR 7K
PSR K BOAL T2 i i — A SR A AR -

1 MRS TE

1.1 SEIOM AR R
22 NG R H M TR AR R, W 22 N 55 1) Ky
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21 em’ Ko, FUBAKPER 230, ZJ5 60 °C 4t
T T Em e & . A fTs ek 3 E K
FEE 58 BE BRVLIK P W58 BT 2248 AR08 BRIt IS
Te, M2 (16 H) ik I8 LRI, & Bk F75E
EE7K (synthetic aquaculture wastewater, SAW) $% [
Li U @07 g Halok ie i, BT SAW H & ik
AWEREIEE 1R, NOy -N REERIESLI T K
AT, AR EE (NO, -N) b 2.5 mg/L, AR
(NH,-N)& 5.5 mg/L, & % (TP) N 23.88 mg/L,
Hrp Tt SAW Hii ST R A 5 T 2 %0(2 mL),
SEUS TR AR AE 2 i (34T ) W T sk AR AR
BHE AR A FRA H] o

®1 AIABFFEEKAR

Tab.1 Composition of synthetic aquaculture wastewater

gy HE
component content

KNO, 360 mg/L
NH,CI 21.2 mg/L
NaNO, 12.3 mg/L
K,HPO, 78 mg/L
KH,PO,4 44 mg/L
MgSO, 7H,0 44 mg/L
KCL 37 mg/L
EICE  trace element 2mL
EDTA 640 mg/L
FeSO4 7H,0 550 mg/L
ZnSO4 TH,0 230 mg/L
MnSO,-H,0 340 mg/L
CuSO,'5H,0 75 mg/L
Co(NO3),"6H,0 47 mg/L
(NH4)M0;0,4-4H,0 25 mg/L

S8 FHAX AR 4 YSI Professional Plus 22 4% (YSI
Incorporated, 5 [H), ¥EZIH (WT-600CAS/353Y
A, Jb5T), COD llE{X (DRB200/DR900, 3[H),
TN 52 4% (LH-25A/LH-3BN, dt 50), i #5 1X
(Multiskan FC, 1),

12 REF[FEIRET

WE 1 s, DAEMIE A PLBEE 2 28 A I
LS 2% (denitrification reactor, DR; HA% 10 cm,
55 em), #EKTHCH T B, kBT
JEHEBIE 5 em &b, H KO FTE T 5 om 4k,
FEIHET (100x40 cm) f15E 40 g 22441 200 mL
FAE ARG U8 B AN v N, AR (2 800

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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+100) mL, RARE 3 NER, ol ER K
TR R HE HRT A0 P 52 30 800 1 A 80ve S s
N AR RLSALIZ 1T, AV RAEENHT, BN
(22+2) °C, JEHRGESE N (355 +31) Lux. LS-DRy #
TN 22 NS RN AR s AT I, LS-DR, /R I #i
B4R (INCH 50 mg/L, HRT & 24 h),

LS-DR
| N
LTIEr
peristaltic
K pump

effluent

B R IK
synthetic
wastewater

E1 RELRZEREE

Fig. 1 Schematic diagram of denitrification system

~——d
7K influent

HRT % LS-DR RAHLIAEGGF/7A 7] LS-DR
Hni% SAW (NO; -N=50 mg/L), ##&, 4 NO;-N
SEakbr, HIENO, N, JCHYIMERT) ., 2
Ja4ERE INC 4 50 mg/L, Zr5%I7E 4 4~ HRT(16. 20,
24 F1 28 h) Fiz 47 14 d, 4 2 K &Ml E K
NO;-N. NO,-N, NH,-N. TN, TP, COD Fli#
fift 8 (DO) W LA K pH {H .

INC *f LS-DR R F§AL 1+ 6 9 7 o Y
Jriklal b, fEfdE HRT 956t L, 235104 3 4~ INC
(75. 100 A1 125 mg/L) FizfT 14d, &2 KEH
7K NO; -N, NO,-N., NH,-N, TN, TP, COD FiI
HE (DO) Mo DL & pH fH..

LS-DR A M B K My HRT L5
GRS, Ay B4 LS-DR,, Ml LS-DR, HY75 Tk
mniFA AR 2R . R DNA J5, PI“CC
TACGGRRBGCASCAGKVRVGAAT} #5149,
“GGACTACNVGGGTWTCTAATCC”F51 4 T i
SRR Y 16S rDNA 1) V3 T2 V4 R AR X
HATYHE . PCRYMERA 25 L WA R, 36
T FE519945 1 uL, dNTPs 2 pL. TransStart Buffer
2.5 uL. TransStart Tag DNA 0.5 pL Flf5iHz DNA 20
ng, ZJaM dd HyO #MFEfR R o il i I SO Y
¥4 Z F1 5L T Ilumina MiSeq “F & 890 )5 Hy 75 M
KA IR A FRA F 5E

NS EmEM S SIS LS-DR,
F1 LS-DR 4 122 R4 724648 Rt 1 (60 °C). FIH
FHH T 3B (SEM)(QUANTA 250, Servicebio Co.,
) B H R A i 2 1k .

R E K7 2: 2 E /) sponsored by China Society of Fisheries

1.3 SHE*E

IKFEZE 0.45 um JE MK [Pall [Hi/R ( HE ) AR
Z3 \) 1ot 8 5 I 2 NOy-N. NO, -N il NH,-N,
K H YSI Professional Plus &4t %E DO 1 pH, fiff
FHE R BRAIEIN E COD HeBE ; =R FH it B R A0 11 it
ZE TN F TP; NO;3 -N Ay i >R B3 4 75 18 73
JEOGEEE:; NO, -N I 2R F N-(1-283%) £ — %
JEEER s NH,-N B9 E R AR A IR 416 B

FI A RS DL BEApRE 22 B R R, R
FH SPSS 26.0 X} COD., TN. TP Fil NO; -N %4545
AT R I 22001, M P <0058, fF1ESTT
2f925¢, ffiH GraphPad #% 8.0.2 I Excel 2010 &,

2 4R

2.1 Z\FREEHTHE

BATPI, dEad 100 f5 SEM AR 22 N5 1T
SERER- R, EBHR SR, Bg
WK R T AUVFIALRE R, 38 A ok 0 09 A R
Ho 1650015 T, 22 N4 1h DI AH X - 3% (&1 it -
3). &it 14diEfr)E, MER-4 7] LLA HHER T
SEMIPIOK M, R ORI A FOR SR . AR,
F B — SN R 0, DA 22 N4 J2: RLAFIY
A AR, R 20 TR R O Al TR 1 R TR % I il
fEIEAT
2.2 HRT %f NO;-N. NO,-N. NH,-N. TN,
TP 1 COD B2

HASSZIGIN], LS-DR (9 DO & T 1 mg/L,
pH 7£ 6.50 ~ 7.20, U 2-a fif7x, INC & 50 mg/L
B, ANF HRT T, H/KAEEREREE (effluent nitrate
concentration, ENC) ] K1 & &K . HRT K 16,
20, 24 F128 h i, NO; -N ERZR/51H 69.19%:+
4.59%. 82.65%%3.62%. 98.97%+0.52% Fi198.62%+
1.33%, HHERFE 2P, HRT 7E 16 ~ 24 h,
NO; -N ZLBR¥BE HRT AYZERK M 5 T+ (P<0.05).
24 HRT M 24 h 35 hn%) 28 h i, NO; -N 2[5 H 4
Fifa e (P=0.80), UiHH HRT 7£ 24 h i, LS-DR E
B8 B B A 1 NO5-N L BRZR . NO, -N A8 1k
5 ENC HHIEUESE, $ilH NO,-N flE & 5 ENC
HIFEASE, 24 HRT A 16 A120 h i, NO, -N 4341
A (5.19£1.52) Fil (1.39+0.49) mg/L([& 2-a), 440
24 F1 28 h if, NO, NAKF 0.5 mg/L, #ilin]
DLSE I8 4 Al Ak . 7E#E K NH,-N Mkl 5.50
mg/L 15 M T, LS-DR HJREM 4 H 58 4 L%,

https://www.china-fishery.cn
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w

EfR SEIRET . 2) [ (3. 4) ZN%KR

1, 3.LS-DRO; (2)(4)LS-DRI4.

100 pm

L)

ARk REL R RIS

Plate SEM observation results of surface structure of LS before (1, 2) and after (3, 4) the experiment

TN ¥ 2 5 FE 5 NO,y -N A AH LAY B (8] 2-b),
M HRT 4 16 F120h BF, TN ZERZRIM1HK 73.30%+
7.21% F1 70.67%+6.30%, HEHK F 24 hJ5, TN &
B R 3k B % 5 (97.84%£0.94%), W E T Al
HRT (P<0.05). Zi&Lh Ear#r, AWF5H LS-DR
f#% 1 HRT M 24 h,,

TP fifi HRT myA8fbihZenl&l 2-b 7w, HRT 7£
16~28 h i, TP JBR#N 88%~89%, Tl ¥ 2% H
(P>0.05). 4n[&l 2-c fr7x, COD B HRT (34 fin 2
FERRAR S T i, 430120 (77.42+16.66) mg/L
(HRT=16h). (32.25+9.33)mg/L(HRT=20h). (26.52+
10.52) mg/L (HRT=24 h) fil (44.24+10.88) mg/L
(HRT=28 h), H ' HRT 3 16 h i}, COD Y F| H
FEAK, 7k COD &3 & T HAh HRT (P<0.05),
{H HRT 7E 20 . 24 F128 h it /K COD & i 3% 2%
5 (P>0.05),

2.3 INC ¥fNO;-N. NO,-N. TN, TP 1 COD
YR

FE i A HRT(24 h) A9 3604 B, 4 INC b 75,
100 #1 125 mg/L Bf, ENC Fii INC FY 38 Ji i 8 i
(E 3-a), 43 5 A (24.89+2.91). (26.91+0.94) Fil
(27.55+2.78) mg/L, TG ¥ 2% 5 (P>0.05). NO; -
N 2 BR B INC 3G 00 R i BE 3G, >4 INC
125 mg/LAf, NO;y-N EFRFE (77.96%+2.22%) i &
& T INC 2H 75 mg/L (66.81%+3.88%) F1 100 mg/L
(73.09%+0.94%)I} (1) R (P<0.05), [, NO; -

https://www.china-fishery.cn

N £33 (nitrate removal rate, NRR) L[ INC #2
T I G 35 BN (P<0.05), 4 INC & 75, 100 Al 125
mg/LAt, NRR 43 5] 4 (50.11£2.91), (73.09+0.94)
1 (97.45+2.78) mg/(L-d), PiH INC A% B &
LS-DR ) NO; -N Z [ FHI NRR, 4114 3-a I,
NO, -N 5 NO; -N H AR fb @ H, 4R, INC
75, 100 £ 125 mg/L B}, NO, -N #JH# L&,
Iy B A 3.80+£1.22, 5.37+0.75 Fl 5.67+0.07 mg/L,
Vi INC 7E 75 & 125mg/L JE I, LS-DREIAfE
S SE A AL . AR INC T, TN AYZE{k i £k
W 3-bArac, 43904 (29.65+3.16) mg/L (INC=
75 mg/L). (37.7743.56) mg/L (INC=100 mg/L) I
(40.27+7.12) mg/L (INC=125 mg/L), XI 1 =[5 %43
A R 64.28%+3.81%. 65.03%£3.29% Fll 69.72%=
5.35%, fHZMEITREER (P>0.05), 454G Lk
G5, ARSCE N N 7E fefE HRT(24 h) 19 3l -,
24 INC 24 50 mg/LI}, LS-DR #J NO; -N 4bHifig
IKEIIF

TP HJAEfb £k ini& 3-b frx,, ARINC T,
TP R RA1E 81% ~ 82%, UL E &£ R
(P>0.05), PHH INC X} TP A9 25 BRSO B A K
WE 3-c fiizs, COD B INC A BRFEAR, INC
A 75 mg/L B}, 7K COD 2k (55.05+15.90) mg/L,
HEETINC 24 100mg/L[(33.14+12.58)mg/L] F1125
mg/L[(26.67+15.66)mg/L] i}, 5 INC XfHi7k COD
A B S 5

FRE K7 2E 4 E 7/ sponsored by China Society of Fisheries
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Fig.2 Removal performance of LS-DR for nitrogen and phosphorus pollutants at different HRT

2.4 LS-DR EMBEEEM DR

LS-DR & 4T A] /& A 49 % H 4550 T AL
Xt R IR TP AN AT A 5, 4 il 4R AS 49 881 Al
52 389 M A JE A, HEIH A 5202 Fil 4 247 4
OTU., FifgkEA Coverage FEHK T 0.98, ULIH
FP R 8 LT3 56 A AN B, P4 SR 2 T &g
PEFR M (% 2). LS-DR &5 14 Kizfr)s, H

Observed-species, Chaol., Shannon 5% Fl ACE $§

R E K7 2: 2 E /) sponsored by China Society of Fisheries

BB, U A0 TR R 2 R R Sk s
HYMEE . E& B AT BERRAC, 550 4l 1R Bk
[

MRP Eeg A BE LN X OTUAR
RIFFVHAT TR LB32E, WA 4-a iR, LS-
DR iz f I S AR LA R AE S5 H 2 A — e
RIAEIME, EIEAEIE ] (Proteobacteria) . R T
I'] (Halobacterota) . fU#FF#[] (Bacteroidetes). i

https://www.china-fishery.cn
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~~ Z|
=1 50 110
g z —e NO, N = NO,N —a_NH,N
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70 —<—TN —A—TN %% TN removal efficiency 1120 a
& 60 | ——TP —=—TP Z[#% TP removal efficiency ;
—_ 1110 =
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éE 1 100 g t
B 40 190 % 3
5 @ =
= £30] {80 £.2
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k= i 170 =z ©
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n150
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time
©
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Fig.3 Removal performance of LS-DR for nitrogen and phosphorus pollutants at different INC

x2 WEEEDE o SHMER

Tab.2 The o diversity index of bacterial community

T HRUTH gLk R B .
samples effective sequence OTUs observed-species coverage Chaol Shannon Simpson ACE
LS-DR, 49881 5202 3095 0.98 3443.61 9.07 0.99 3519.78
LS-DR 4 52389 4247 2315 0.98 2593.63 8.24 0.99 2671.21

Z0TE ] (Desulfobacterota), 25 [ #T ] (Campilob-
acterota) . JEBEE ] (Firmicutes), Sva0485., 4%

https://www.china-fishery.cn

I# '] (Chloroflexi) FIHE R 4 ] (Verrucomicrobiota)
S, (EHAEX FERA 2R, B0, B0

FRE K7 2E 4 E 7/ sponsored by China Society of Fisheries
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XT3 BIN 15.53% . 14.68%. 4.61%. 8.35%.
0.13%. 1.69%. 4.99%. 4.19% F12.27%, 517 14
dfg, ZIEWIT. WAFETT. SMfrEr] . JEEE
BT APE T 1) o i 4 & 33.46%. 10.66% .
0.34%. 2.74% 1 2.40%, AHSZ, FRFFHETT. Bisi
AN 1) . Sva0485. £ A5 T [ 43 il B & 7.58%.
6.10%. 3.65% 1l 1.97%. BB, BRIFAIHFELL
BEHL LA B IR R 1 13 A3 B LS-DR N (13843 4 T
PR R

WK LA AL LEA IR 4-b TR,
LS-DR 4 WL R v T 40 (Gammaproteobac-
teria, 31.69%). T 4 (Bacteroidia, 10.41%).
Methanosarcinia (9.27%) .
(5.38%). 5 il E 49 (Campylobacteria, 0.34%). H
JE 0 24X (Methanomicrobia, 3.05%). #RIR ZE AT
T 4 (Clostridia, 1.97%). Desulfobacteria (3.15%).
a-7ZF JE 1 29 (Alphaproteobacteria, 1.76%) 5% . #H

Thermodesulfovibrionia

It LS-DR,, v-"BIEWHN . WUFFHEH . S .
PR ZF AT T 20N o2 1E 187 49 180 R X 2 BE 1S
Methanosarcinia, Thermodesulfovibrionia, F % i
% 44 F1 Desulfobacteria M A%

Jo KT L SR A W BE R 4 A TEJE K
EHE—2DXT OTU #EA7432, AT LAWLES B A0 T RE %
LR PRAN Y 22 5 (K 5). LS-DR a7 WAL
P JE B R B (Methanosaeta, 9.26%) .
I8 5 J® (Methanolinea, 3.19%). Desulfatiglans
(2.90%) . Candidatus_Competibacter(2.27%) . Metha-
noregula(2.07%). Sva0081 sediment group(1.54%).
Geothermobacter (1.43%). unidentified Thermod-
esulfovibrionia (1.00%) . ADurb.Bin063-1 (0.86%) F
VR JE (Moraxella, 0.72%)., %%, LS-DR iz
fr1adja, HEE BB SR, MR
J& (Thermomonas, 1.46%). VLK )E (Thauera,
0.55%). [ E M2 HE R (dzospira, 3.32%). Simpli-

LS-DR,

LS-DR,,

10 20 30 40

50

60 70 80 90 100

FXS L%

relative abundance

B ] Proteobacteria

m 0 FH ] Bacteroidota

ANBHZHE  unidentified bacteria

EATHITT Halobacterota m RN T Desulfobacterota m ZHI#F 57 Campilobacterota
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Solid phase denitrification system performance using
loofah sponge as carbon source

GAO Shuwei ?, ZHANG Kai', LIZhifei', XIEJun', WANG Guangjun', YU Ermeng ',
LI Hongyan', XIA Yun', TIAN Jingjing', GONG Wangbao "

(1. Key Laboratory of Tropical & Subtropical Fishery Resource Application and Cultivation, Ministry of Agriculture and Rural Affairs,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangdong Key Laboratory of
Aquatic Animal Immunity Technology, Guangzhou 510380, Guangdong, China;
2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: The second national pollution sources survey showed that the total nitrogen emission from aquaculture
is 99100 tons in 2017. To protect the environment and human health, it is important to remove nitrogen from
aquaculture wastewater before being discharged to surrounding waters. Biological denitrification is con-
sidered the most promising approach methods, since nitrate can be reduced to harmless nitrogen gas by bac-
teria. Sufficient carbon source is necessary during heterotrophic denitrification process. To solve the prob-
lems mentioned above, external carbon sources such as methanol, acetic acid and glucose were added to the
wastewater, whereas they were generally high-cost, high-energy and high operating requirement. In contrast,
agricultural wastes were used as carbon source, which has shown significant economic advantages and high-
efficiency. Many aquaculture wastewater treatment systems often face variations in hydraulic retention time
(HRT) and Influent nitrate concentration (INC) which are caused by acute change of wastewater characterist-
ics and production, and HRT and INC often exert a profound effect on the treatment performance of biolo-

gical treatment systems. The purpose of this study is to construct a solid-phase denitrification system with loo-
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fah sponge as carbon source, and investigate the effects of HRT and INC on the denitrification performance of
loofah sponge-denitrification reactor (LS-DR), so as to provide a theoretical basis for the further optimization
of denitrification process of loofah sponge as denitrification carbon source in aquaculture tailwater. Loofah
sponge, one typical agricultural waste, was studied as the carbon source for solid phase denitrification under
dynamic flow conditions by using 1-D column experiment. We aim to preliminarily investigate the LS-DR’s
NO; -N, NO, -N, NH,-N, TN, TP and COD removal effect at different HRT (16, 20, 24 and 28 h) and INC (50,
75, 100 and 125 mg/L). The optimal HRT of denitrification reactor was optimized by one-way ANOVA analysis.
And, the high-throughput sequencing technology based on Illumina MiSeq platform was used to analyze the bac-
terial community structure of LS-DR in the initial and final stages of operation. The results indicated that when
INC=50 mg/L and HRT=24 h, the removal efficiency of both NO5; -N and TN in LS-DR reached the highest value,
which were 98.97%+0.52% and 97.84%+0.94% respectively. And NO, -N was also at a low level (< 0.5 mg/L).
On the basis of HRT of 24 h, when INC increases to 75, 100 and 125 mg/L, the nitrate removal efficiency and
nitrate removal rate (NRR) of LS-DR increased significantly with the increase of INC (P< 0.05), and the effluent
COD decreased with the increase of INC, but LS-DR did not realize complete denitrification. It is worth noting
that LS-DR can completely remove NH,-N throughout the experiment. After 14 days of operation, SEM results
showed that the surface structure of LS was conducive to the attachment and growth of microorganisms; high
throughput sequencing results showed that the dominant bacteria of LS-DR included Proteobacteria, Bacteroidetes,
Campilobacterota, Firmicutes and Verrucomicrobiota. Among the identified bacteria, Thermomonas (1.46%),
Thauera (0.55%), Azospira (3.32%), Simplicispira (1.01%), Pseudoxanthomonas (0.39%), Herbaspirillum
(3.02%) and Uliginosibacterium (0.9%) can carry out denitrification. Cyphaga xylanolytica (1.61%) and
Cloacibacterium (2.69%) are mainly involved in the degradation of towel gourd, Flavobacterium (1.17%) and
Diaphorobacter (0.64%) can both denitrify and degrade LS. According to the analysis of the above results, it is
considered that the optimal HRT of LS-DR is 24 h and the optimal INC is 50 mg/L. This study provides a refer-
ence for the optimization of loofah sponge solid-phase denitrification process and promotes the development and
application of new slow-release carbon sources.

Key words: aquaculture wastewater; hydraulic retention time; influent nitrate concentration; loofah sponge; solid
phase denitrification; microbial community
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