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SY/4t W5 55 bk B Xt i 7k B B 2 R R 4L 1 Ak
Zif)'li%ﬁ:%ﬁ']ﬁy r'ﬂ

A # & E Rt WMER EERE RTR
ORI AR P22 B A KB TR IR #8

|

266100)

WE  AFEUAIBAEIRAFRARAALERNL, KT 3 %R B (S V4 47 7% B b
(5:1.3:141: )5 E KA (SAD) % EE 5 /N H fF[HLR, 0.19~0.95 m*/(m?-d)] T #9 Bt
Atk AREFR, SYREEN S 1 M3 1 EEWHAERML. HLR ¥ 0.19~0.48 m3/(m d)
i, AF HLR TX[E— HLR T 3 Mfﬁ!ﬁ]%é@ﬁﬁéﬁ(N03-N)%%$%E%—%% # HLR %
0.95 m*/(m*-d)it, 3 /N E NO3-N £ B F (K, B SYHER KN 5 1(61.16%i9.31%)7’ru 3:1
(56.62%+7.23%)% ﬁé’y NOs-N £ x 825 T SYHHE A 11 1(38.98%+10.19%)H % &, SU/4H 47
EH S 13 1 HEHNON EBAEH HLR AB TS, SUAHE N3 1 EEWTHH A
T3 B 2 8.(NO;. N)ﬂﬂfn 7#(0.59+0.39) mg/L, 3 B th K pH F SY4E 5 % 6y He 7] #1 HLR B9 7+ T
Mefk, SAD B k#1785 ¢h 47 1 1] (Campilobacterota, 6.47%~59.73%), 1t3% ¥ & h B A R #1t,
o 6 6 5 2 A T B (Sulfurimonas, 2.70%~49.50%) . M & S/H U R Bl T, 2B A REE A
WEMS" REN N REREBEEE L. pH 5 R W EREEE EH X, HAR LR T il AME
K IRFE R G F SAD 4 %%uﬁ%iﬁ&ﬁ%wﬁ%ﬁ%o

XA BH R A L(SAD); Ak S° H¥FE; mEEIF

hE4SES S949  CHEERIFE A

T KA 7K IR B Ry — T on] 35 82 K e 1) 32 58 07
X, AWK, e, SRS (He et al, 2018,
2020) . fEH 7K FEHE £ G (recirculating aquaculture system,
RAS)7J<5L|‘$E&%'43E@ﬁi%?[ﬁ?@ﬁfi_i‘lﬁﬁ%fifh b
F0A S A A B MR R 1 AR AL A R AR R
(NOz-N)%ftjaﬁéﬁaiW(No3-N)(He et aI 2021), #

T K FE R NO-N MR EE, AN ALIHFE K K 58 I
(Diaz et al, 2012), i H&A & HRE NOs-N 1375 2
K HE TR 25 3 R oK SRS i UK IR s E FR A

XEHE  2095-9869(2025)02-0162-11

(Martins et al, 2010), FREASREEIRAMELL, 76
2023 4, HIRIEA M TE ARG A IR L S A
o7 AR K R R K HETChR e, LR & ), HOBA
— TR 4.0 mg/L, — 2 HETBOhR ME A 6.0 mg/L,
KPS NOs-N BUH BRI R AR AnHER . il 2y
KGRI AT L 2 R B EZ —

AW A AL 2Bk NO3-N 1) E 2215 (Zheng et al,
2020), {HH T KJEFR K FEF KR T C/N AR BUEA
&, 2009), A SIS 0V A o DR (R 2 OB L H B
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(Tsukuda et al, 2015). RIRHEYIRIE(FERL . FOKFS
#F)(Tan et al, 2010)55 A HLERIEAE A BT b, 3K 30
EAL,, XA RAS , 1T ELAR R B 78 in 3 LA S5
WAy NOs-N MREEAHDCHED , 3 17 Kk — k5
YL iy KUK (Tsukuda et al, 2015), i A 3% 5 itk (sulfur
autotrophic denitrification, SAD)/ZHi H 57 [ 75 K H 5%,
B SAET . LAICHLER(CO,. HCO;) MBRIR, BAFRH
WO (SO A IR SRS oA HL bR, B NOS-N iR 5
N,, WJEAH A SPEML N SOT it (Vo et al,
2021), S°J& HFTR 12 9 SAD APk, {H)E
Frak b2z i, AT R &2 A OB E AT IR 5
(EPSIHAE, 2024), SAD 2 HAT JCTF B IAT HLAR IR |
V5 P AR #(Christianson et al, 2015; Zhou et al,
2017). {H SAD KA H (=X 1), MKk pH,
SR S fb e A 2 1788 2 M (Moon et al, 2008),
55S+20C0,+50NO;+38H,0+4NH; —
4CsH,0,N+25N,+55803 +64H" (1)
SAD %¢ # S briaf i #rh, # {# H CaCO; (Di Capua
etal, 2015). A KA (Kilic et al, 2014; Wang et al, 2023) .,
HWFFE(Simard et al, 2015)554F A 378 58 T JE 35 K 4
pH, Zifede AR, Hr, HHWiselE Ry T 5%k
YL EE 518, 28 T )12 K{E (Liang et al, 2018).
FrufFE s CaCO; 2R 93%, REMSHCLT Moy 1y /K
& pH, FEAULAFI T4 Y& A VLR LA K &
HE R IR A Y4 K (Liang et al, 2020),
Liang %5 (2020)E-BMs FIAIEFERI LA 3 0 1 (VIS L
5 B A0 Uk 9 SAD B AL B F K, f KK
NO;-N EFH# KA 0.33 kg N/(m’-d), H pH {FE57E
6.8~7.2 i), Simard % (2015)0F55 %0, SC/4WHFFE
RN 3.3 1 1, #E/K NO3-N K 25~30 mg/L, /K Jj
{5 B i 8] (hydraulic retention time, HRT)& 16~19 h
BF, SAD %¢ ¥ RE BRI VEAE KA LT BT A 1
NO;-N. He Z5(2020)0F5¢ T #7KiE7K NO3-N 4 60 mg/L,
SUHMFFEAAFLL M 1.7« 1, HRT 205120 24 .12 f1 8 h
if SAD %€ B M A MERE, 45 R NO3-N R R
i 84~942 ¢ N/(m*-d)Z [i], pH f-F57E 7.5~8.2 Z[H],

HFf% HRT RYREAK, K NO3-N ik B 2L .

ATA] SO b5 e e 2 X 255 B NS A 8 7 A R
M, 3T A T RE T A R A A AR . K ) T
(hydraulic loading rate, HLR)J2 J I/ ¢ B 1Y 8 23517
SH(Cakir et al, 2015), = HLR 242 Fh3& B A9 4 Bk
i, [ELR] A 2 A K A 5 R T B Ty 16 T ) 4 s
], PESAHARCEREML; I HLR S7E—ERE E
PF R RCRE, (A DA BKE, R, 1551
HLR X} SAD % B SLPri & XEZ, Hip, XT
AR S W FE L FE LB T SAD 25 8 X K G #R 7K 5%
B RKAEATR] HLR N R ATERE . fE PR I& 251
AT 53 B A 4R

AREFFELLEE T 34 SU4EWEFERC L ) SAD %% B 7F
5 4~ HLR T HAb B K A6 PR /K 5558 K (4 I A 1 hg
Kotk oK pH RIS 2810, 25 Gk M VR
IE K D REFE R F0M A3 Hr , WPEAG AR TR S/ 5 52 e i
SAD #: B AR SE M, LA KGR K 3751
JE7K SAD % E ik it 5B AT 3R LR ARk

1 MH5TE
LRKE

3/~ SAD 3 & AR A HIBOBIRTE 2544 , 7
HARER N 14em, & 30cm, AN 4.7 L,
AR R 5 7e SO wEsE IR, B BT Ol A AR
3~6 mm)E HK T, S/AIEFEERHARI N 4 L,
SO ChiA% 2~6 mm)H S T P a], 41052 (2~6 mm)$ 54l
WT S" BT . ET SO WFe R E L4 3R
5:1 (RI1). 3:1 (R2)F1:1 (R3), XRASFLERS>
54 36.97% . 40.53%FI1 48.94% (Kilic et al, 2014), %&
B R K AR TR K (21.7140.76) °C,  AMEE £ T 45 4K
DIHERR E B, SREX EAT s A A, e g = 1
HURL, DI SAEAE . SO0 B HARGE A UL 1,
1.2 ZLWHE

PR S MRS PR R IR 7 SR 3l TR

1.1

_ o O o -— K111 Volcanics
IATanni IRNNRERRRINRRRD [INRRRANRRINNRRE| —>
j <«—— HIFFE Oyster shell
—_ > )
7 <~ R S°
ANTHEK ﬂ%ﬁlﬁ - - o L =, [ <—— HHiFE Oyster shell
Artificial seawater Peristaltic pump A ‘emmmumenss? S S
|
R1 R2 R3
Bl 1 Sigede BN A

Fig.1

Schematic diagram of experimental setup
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VeI L AR S BH I 7K 7= A7 BRA RIIG IR K F2 58 T HE
KA o RN T LI A 7K SR 58 B K T SR 5L 58, 1 il
iR 5 (NaNO,) ¥ i 211 U8 K, NO3-N s ik
18 mg/L. JashBrE . il il sl 288 s He s e iy s
WG IR AL E W, HRT 4 48 h, 217 8 d #H474#:H .
RGN TR K AL E Y, HRT 45 51°4 24 h (Wang
etal, 2023), XfEBFHETIIER TR, MK NOs-N i
2 5d 0 0 mg/L B, JFRIENEE (BLiRASE, 2009),

IESCSEER R AR 75 d, AR HRT 439008 15, 12,
9.6 F13 h % HLR, A6 HLR 7028 5 Bk |1,
HLR=0.19 m*/(m*-d); I, HLR=0.24 m*/(m*-d); 1I,
HLR=0.32 m*/(m?-d); IV, HLR=0.48 m*/(m*d); V,
HLR=0.95 m’/(m*-d), £~ HLR Fizf7 15d, £ 24 h
W KK . pH, BANBY BN 3 W %0(DO)o
24 h Btk | HKARKAEE , AKEEZ 0.45 pm 8 IR 8
JE I %E NO3-N | NO,-N FIZ A (NH;-N), 3 4> SAD %&
Btk ls, BRI E LRGeS s
HUEhASHAL . (S IR . IETER(S” St an e e}
A OB R I AE P, {1 0.22 pm FLAR R 0E
B 0E, B IR YA T80 "C Uk .

1.3 SWAE

. pH R YSI E#: 02 S H0K a0 Hr i
(Multi 3630 IDS, f#[E WTW 2 5)illE; DO KM
2 E AR {Y (FireStingO,, & [E Pyroscience 23 7))l
ZE; NO3-N. NO>-N Fl NH;-N {#i [l Skalar #4257 38)
SAATAL(SAS000, fif =) ; S TEHLA(TIN) G =&
Z A1, f#iH Microsoft Excel #X {4 #EA T4 AL EE, 556
FIT s LLSE P EAR R 2E (MeantSD) 7R o oK SPSS
26.0 HEAT B K &K 7 2231 (one-way ANOVA), P<0.05
FoRESBE . M Qiime BT o ZREMETESL,
fifi FH PICRUSt2 Dy e I 73471 5 KEGG & K £k 45 P2 i
DA R R AT AR C B A DhREJE M, fd ] TBtools 22
A S IR, A WO RE IR 2540 BT e BT S5
W) B 23R BR S B = F 6 58 B (www.majorbio.

com),

2 #HR

21 |ETLBER

2.1.1 NO;-N %L 3EEEE, K NOs-N
WeFEUNPE 2a Ji7n . HLR BZERS, 2EEE17HT 2 d B
AR B, B, AR AR Ba i riaE

WIOF 13 dyBds s b B i s A v fig . Seat i),
R1. R2 il R3 ) NO;-N FHJEBR 5] H(68.88+

11.24)%. (68.61£13.07)%F1(65.71£15.75)%(P>0.05),
NO3-N V-1 22 4 47 faf 43 51 47 (19.36+11.64) . (18.90+
10.63)F1(16.83+7.34) mg N/(m*-d) (P>0.05).

WK 2b F1 2¢ R, T ~IVEYBe(58 TR BY), [A)
— HLR TN [A] SAD %% # 2 [a] J [f]—%& ¥ 75 A8 [/] HLR
THY NO;-N LBRR LR EZES, R, R2 MIR3 Y
£ B A 9 R (72.11+12.64)%~(75.85+7.95)%
(76.00£6.91)%~(78.13+6.45)% . (70.40+7.78)%~(75.76+
8.98)%. 4 HLR 4kZe4 T+ 255 V r ey, R1. R2 Al
R3 B NO3;-N EFRBE¥ W ZEFEAL, 455186116+
9.31)%. (56.62+7.23)%7F1(38.98+10.19)%, H R3 1
NO;-N EBFR B FHET R1 Fl R2 (P<0.05), Kl 2d
il 2e s, BRESMEAL, T~IVHE, R1. R2 Fl
R3 1] NO;-N EBrfafi L & 25, 1~VHE, MiE
HLR J}&5, R1 I R2 % NO3-N [ i & THes
43 W) 3K (39.10£6.18) F1 (36.19+4.66) mg N/(m’-d)
(P<0.05), R3 ) NO3-N EBx e T ~IV 5B i & Tt
i, 15(24.24+1.87) mg N/(m*-d); 1Mi%5 VB, R3
NO3-N EBR AT IR FE T m, HEFFTE(24.94£6.63) mg
N/(m*-d), JfH & F T R1 Al R2 (P<0.05)

2.1.2 NO;-N #= NH;-N AL 3 MREHIK
NO,-N 5 NHy-N WAL W& 3a F1 3b fiR. S8
Wi, R1, R2 Al R3 H/KFH) NOS-N ¥ 450
(0.79+0.46) . (0.59+0.39)F1(0.86+0.43) mg/L, R2 Hi7k
S NOo-N He JF £l (P<0.05) ; H /K S35 NH-N ¥
A3 51°R(0.17£0.07) . (0.18+0.07)F1(0.19£0.11) mg/L,
3 RG22 5 (P>0.05).

NO3-N J& SAD JJii () 1] 7= ) (He et al, 2020),
WK 3c iR, 3 2EE K NOy-N W RS TR B
PIws w8 R (1.3340.15) . (1.28+0.22) Fl (1.33+
0.30) mg/L (P>0.05). Fi&ESCIIFREZES VB, R2
7K NO>-N ¥ EEBAR Hota TAa e , 1 R3 7E55 V BB
H7K NO5-N ¥ BE T, 2h(0.85+0.08) mg/L (P<0.05).

3EEE MK A NH-N, R SAD %%
7 TR il BR #h 5 4k i& )5 2 % (dissimilatory nitrate
reduction to ammonium, DNRA)¥) i #(Wang et al,
2023), WK 3d Fos, 7E55 VB, Bl HLR T,
3 A Y 7K NH,-N %R EE 349G BT RAIG, 7T RS2 i 1Y)
HLR X DNRA &t #4741 il /F F (Wang et al, 2023).
2.1.3 TIN R 3REE R 1K TIN kB
WNE 4a B, SEEHIE], 3 2458 TIN X BRR5 5
7 (63.81+11.14)% . (64.49+12.47)% Fl1 (60.19+15.91)%
(P>0.05), TIN V2B £ 17 43 501 o (18.07+11.20)
(17.90+10.32) F1(15.38+6.94) mg N/(m*-d) (P>0.05).
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S7/*1i o1 om N v
2 | . | .
Z
6
Z
-
&
£
 J - S S
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
fflE] Time/d
_ i ER1 mR2 mR3
100 b , BImI el =N mV 100 e,
X a a a X a aga a2a
2 80} 2 80 a a
'H‘lg 60 -1-}4:3 60 - b
= § %5
52 40 - 'O'"E 40 |
lem len
O 20+ Q 20+
z 4
0
R1 R2 R3 I I | v \
#1%] Group ¥ E% Phase
50 50 [e a
—asld a Elnlel o N mV — 45 | MRl WR2 WR3 a
T 2 40 +
EEEss) EEE 35| b
35 s>
& E% 30} & EG 0 alda
Mo E2S HEE 25
2% %200 Z%% 20} b a
Imo L IMO o |
%Z-E’IS %Zg 150 2, 2232 b
210 & 10
EE 51 o S5t
0 0

#H 51| Group

¥rBt Phase

B2 NO3-N KERIFL
Fig.2 NO;-N removal situation

R1, R2 FIR3 ) S/ALWGE AR 5 = 1. 3 1ML 1, T T, M. VAV B BK I fufsf(HLR)
309 0.19, 024, 0.32, 0.48 F10.95 m*/(m?*-d). A FHREFRALBIAETE B E 22 5(P<0.05), FIAl.
R1, R2 and R3: S%oyster shellis 5 : 1,3 : 1and 1 : 1, respectively. The HLR of phase I, II, I, IV and Vis0.19,0.24, 0.32, 0.48 and
0.95 m*/(m*-d) , respectively. Different letters represent significant difference (P<0.05). The same below.

SCEG ], SAD X} TIN Al NO5 -N [ 2[4 52518
s WE 4b A dc fis, BRES MBS, T~IVH
Bf, R1, R2 fll R3 [i] TIN E£FRFEFHAEE, 2550l
iK(68.94+7.25)% . (74.81+6.64)%F1(72.08+5.53)%
(P>0.05), 4 HLR ZKZL42T1 25 VB, R1. R2
FIR3 1 TIN BRI 2R, 73 028(58.0949.55)%
(54.09+7.28)%F1(34.07+10.65)%, H R3 i TIN £[&
L EMLT R1 A R2 (P<0.05). n[& 4d F 4e iR,
BRes M BeAh, 1 ~IVErB:, R1. R2 #lR3 [A] TIN %
Priafr o 255, 1~VEE, k% HLR F+&, RI
I R2 B TIN EBgffar i E s, 51ik(37.15+6.36)
H1(34.57+4.69) mg N/(m*-d) (P<0.05),R3 f TIN Z=[5 17
fife T~V BB THR, 14(23.29+1.94) mg N/(m’-d);

MTES VB TIN EBROATITEETE, 2179+
6.89) mg N/(m*-d), JfH 2 &MKT R1 Al R2,

B

BEYE, HK DO F pH AL IE BN 1 FiR .
SEESWIA], 3 AAEER K DO BEM T UK, 2
K DO T EZES . 3 MRENHK pH W3E
IR F 7K, R1 AT R2 (7 H 7K pH KT R3 (P<0.05). 40l
50, FEE HLR $2 71, & 191K pH REAK.

2.3 EMIEEEAFE

231 o SH® LI o ZAEPEFE SN 2
iR, AR %% B K Rl — 2% B AN R BUOREA B R o 2
BEPEAEAEZE S . it Chao 850 HT &0, MHTF L

22 DOFpHZE
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2051 Group %y Bt Phase
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£1 KBLWAP. Hsk DO I pH HETLIER

Tab.1 Changes in mean values of DO and pH of inlet and outlet water in each experimental group

H7K Outlet
2531 Group 7K Inlet
R2 R3
DO/(mg/L) 6.51£0.37 3.39+0.60° 3.31+0.50° 3.68+0.54°
pH 7.95+0.06° 7.3240.15° 7.36£0.16° 7.55+0.10°

VE: FATEUE DARAS 7B AL IR R 35 25 5(P<0.05), AR AH ) 7 B3R 41 ) JE 1 3 25 5 (P>0.05)
Note: Peer data superscripted with different letters indicate significant differences between groups and superscripted with
the same letter indicate no significant differences between groups (P>0.05).

821 o INjf/K — Rl —= R2 — R3

8or HN_%/&

781
E 76t
7.4r
72F
7.0 1 1 1 1 J
I I I v \%
s B: Phase

Bl5 &S dlfERTE HLR R 7K pH 28 b1 5
Fig.5 Change of effluent pH of each experimental
group under different HLRs

x2 BILWAH o ZHEEH

Tab.2 o diversity index in each experimental group
A8 oy, FEE O BAEN MER
Group Chao Shannon Coverage
Rlbot 1479 1646.32 4.60 0.99
R1mid 624 734.50 3.26 0.99
R1top 1354 1408.50 4.90 0.99
R2bot 1762 1841.30 5.34 0.99
R2mid 770 864.48 3.51 0.99
R2top 1094 1165.55 4.56 0.99
R3bot 1598 1679.91 4.98 0.99
R3mid 917 1037.67 3.67 0.99
R3top 884 997.19 3.86 0.99

TE: top fUFRAEE LGS S° HURh sS4 . mid
TRF%EE PI(S® HUKH) . bot 1RFE%EEICH(S" 54t 7e i
BHAZHAL

Note: top represents the junction of the upper part of the
device (oyster shell and S° filler), mid represents the middle

part of the device (S filler), and bot represents the junction of
the bottom of the device (S° and oyster shell filler).

T SR RS HEAL AR, 3 N R A AL )
FhE & B e, 11t Shannon FEEUHr AT, 3 3k
s, RIS HURL R R MR ZREVE AR, SAD %
BB LA SRS R 5SS $e Ak i W 2 R R o

232 HHBHEIN., Behak  ESLRAP EEK
M8 AT, WE 6a AR, 25k h A

(Campilobacterota, 6.47%~59.73%) . 7% & B ]
(Proteobacteria, 16.46%~53.93%) . #& & 41 & ]
(Patescibacteria, 5.76%~28.75%) . I & [ ] (Bacteroidota,
3.04%~17.35%) . BT AT ] (Desulfobacterota, 1.71%-~
8.69%) . JEBEE [ ](Firmicutes, 0.34%~4.05%) . 4425 B4
I"J(Chloroflexi, 0.41%~2.97%) 772 | ] (Planctomycetota,
0.08%~2.07%). SAD % & rf 25 M FF 58 T 3= B e i o
REZHE AT w2 5 bt #2(Jin et al, 2023), R1,
R2 Al R3 Has i AR B 1 35 B fes , 40 312K 54.03% .
59.73%F1 51.12%. AETETR T TR B 11 3 B 43 il
FEH2ME 4, X2 AW T PRS2 MR, H
TEK 7= 5208 7 G2 i B b o 46 32 5 Hb i (Chen et al,
2023; Zhang et al, 2022), WiGFTF# 175 SAD i FErh
HLA HEAE I (Wei et al, 2023; Liu et al, 2023)., R1,
R2 1 R3 H-P- 3 7051 R 5.06% . 5.53%7F1 6.13%.
JEEEGE [ JHE SAD %% g Ab B KRGS F vp o 5 81 2 b for
(Zhou et al, 2023), R1. R2 fil R3 HFHFRE 551k
1.92%. 1.33%F01 0.54%.

WKl 6b Frs , 76J& KV LA 3 540 (PCA) 7 B
F A Ty 2 B A R A TR 1 22 5, 2 D E AR AR DTk
ORISR 27.29% (PCLYFI 18.44% (PC2), 3 NS2H4H
IF1) P 1R 22 5 A 1 35 (P=0.728) . [1] — 24 ' vh R[] o7 8 1Y)
WBAFERR R 2255 3 N E P, B SO MOk LAy
J& 2 S8

N T e R E R I DI REAN B, ARBETE A BT
TIEAE FR AR A E 6c B, FREEHE
FTT 10 B TE JE B Ui JE (Sulfurimonas, 2.70%~
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0.24%~5.54%)% . T s 8 ToMirir], 25
i FL RO AR R g, o F BE W] LIVE R SAD 3BT
T4 I R 75 B (Wang et al, 2023), R1. R2 fil R3
H S A A R R A = B e, A 42.30% . 49.50%
1 46.61%., BN JE S L SO 45040 J5 A5 o By Tk A
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Fig.6

Phylum level bacterial community structure (a), Principal Component Analysis (PCA) at the genus level (b),

Genus level bacterial community structure (c), Functional gene heatmap (d), Mantel test and Pearson correlation analysis (e)
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S SR IR A KR ATk 24 F #76E 1 (Slobodkina et al, 2023).
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7 & % (Song et al, 2020), FIFTHEEE T 24T R
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(Foesel et al, 2011),
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9. B NO3-N i858 N, 9 SAD i 2 (B 45K NOs-N
L5 NO,-N, NO,-N ifJ5ih NO, NO it )54 N,O,
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) DNRA 1 #%, %5 nirBD. nrfAH ZhhEZEHA .
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0.19~0.48 m*/(m*-d)is}, A[A] SO/4HM55% Fic b (1426 & 7]
NO;-N 5 TIN fEBRRMERR MM R EF 2SS, 7]
e bR SO A IRIA, JK{R pH ¥J7E SAD &
WG N, BIFEK NOs-N 7 11 4 (12.83£0.25)~
(32.36+0.70) mg N/(m*-d)i}, % & v SO/ 572 fic e e
5:1.3:1 Ff 11 ZAASAAS 25 52 i T AU 1 e
Sahinkaya 55(2014)fF 55 2 W], R & 4518 T i#£7K NO5-N
AFAET 0.24 g N/(m®-d), A [A] S/47 K AT L HL Y SAD
BEE AL TERETC ] I 22 75 ZELIAY, Kilic 5§(2014)
WFc M, K NOs-N ffmf kT 0.4 ¢ N/(m’-d), %
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pH M, AT F T SORS A SO, B HEA T o #3006 45(2023)
R, pH 25 A QI BE AR B Ry 4
SR, pH {E-5 RS ALSE R 4 K 240 DNRA
PRI 42 I 2 TR A OG

4 L5
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The Effect of Different S’/Oyster Shell Ratios on the Performance of Seawater
Sulfur Autotrophic Denitrification and Microbial Community

ZHOU Yu, LI Meng, SONG Xiefam, SUN Zuoliang, DONG Dengpan, WEI Yuanrong
(Ocean University of China, Hydro-Environmental Engineering Laboratory, Qingdao 266100, China)

Abstract Seawater recirculating aquaculture is a sustainable aquaculture method that provides
benefits such as the conservation of water and land resources, high productivity, and environmental
protection. The high NO3-N concentration in wastewater is a primary factor limiting wastewater discharge
to meet compliance standards and restricting the sustainable development of seawater recirculation
aquaculture. Biological denitrification is the primary method for removing NO;-N in the water. Sulfur
autotrophic denitrification (SAD) does not require an external organic carbon source and produces low
sludge production, making it suitable for treating seawater recirculating aquaculture water with lower C/N
ratios. However, SAD generates H', which reduces the pH of water, thus affecting the stability of the
denitrification device in long-term operation. In the actual operation of the SAD device, oyster shells are
frequently used as a filler substrate to regulate the pH of water and ensure the effectiveness of the device
in denitrification. Oyster shells, as kitchen waste, are cheap and easy to obtain and have received
widespread attention. Studies on the denitrification performance and microbial community structure of the
SAD device for marine recirculating aquaculture wastewater with varying hydraulic loading rates (HLRs)
and S"/Oyster shell filling ratios are limited. In this study, we compared the denitrification performance of
SAD devices with three SO/Oyster shell ratios (5:1, 3:1, and 1:1) under five HLRs [0.19, 0.24, 0.32, 0.48,
and 0.95 m*/(m*-d)] and the changes in influent and effluent pH and DO in the treatment of seawater
recirculating aquaculture wastewater, using artificial seawater recirculating aquaculture wastewater as the
treatment target. The effects of different S”/Oyster shell ratios on the nitrogen removal performance of the
SAD device were evaluated in combination with microbial community characterization and functional
gene prediction analysis. When the HLR was 0.19~0.48 m*/(m?-d), no significant difference was observed
in the NO5-N removal rates among the four HLRs and three devices, which were (72.11£12.64)%~
(75.85+£7.95)%, (76.00£6.91)%~(78.13+£6.45)%, (70.40+7.78)%~(75.76+£8.98)%, respectively. At the
highest HLR [0.95 m*/(m*-d)], the NO3-N removal efficiency of the three devices significantly decreased,
and the NO;3-N removal efficiency of the S°/Oyster shell=5:1 (61.16%%9.31%) and 3:1 (56.62%=%7.23%)
devices was significantly higher than that of the S”/Oyster shell=1:1 (38.98%+10.19%). For the S’/Oyster
shell=3:1, the average concentration of effluent NO,-N of the device was the lowest at (0.59+0.39) mg/L.
No significant difference was observed in the average concentration of effluent NH;-N among the three
devices, ranging from (0.17+0.07) to (0.19+0.11) mg/L. The denitrification performance of S”/Oyster
shell=5:1 and 3:1 devices was better. The effluent pH of the device decreased with increased SO/Oyster
shell ratio and HLR. The dominant bacterial phyla in the SAD device were Campilobacterota
(6.47%~59.73%) and Proteobacteria (16.46%~53.93%), and the dominant bacterial genus was
Sulfurimonas (2.70%~49.50%). As the ratio of S°/Oyster shells decreased, the abundance of Sulfurimonas
increased within the device and at the intersection of oyster shells and S” in the upper part of the device.
pH was positively correlated with denitrification gene abundance. This study provides basic theoretical
data for the design and operation of SAD devices in seawater RAS.

Key words Sulfur autotrophic denitrification (SAD); Denitrification performance; S°; Oyster shell;
High throughput sequencing
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