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B (IMTA) ] 2R 15 55 4 1 28 5% F A= 25 30 4 (Chang
etal, 2020), HrAr, DIZENUneE LT B S IEKAEH
HAL K T (TS 45, 2020), HAEsh/E R ] DA
DL MORIR &, 228 UT AR W /K T ) i 52
e CFEACIF 5, 2004), ol UUR ) AR W BE VR 45
#J(Lukwambe et al, 2018),

AW GE AN A0 ) A 2 A A 5 3 9 Ay
IO IS F Vel CI VAW N - R Z N BURYIN 2\
VeI 35 TR 52 0 A e s Z A, LU A8 7R
SR 2 WA AT X 5 AE L B DT RR ) /7K BT K A ) RO
1k (Denitrification) 1 X %8 & & 1k 7 H (Anaerobic
ammonia oxidation) 52 I  BF 58 45 s A B F 41
TREEKIYE IMTA REEARE SRR B
T, I R oK SR8 R 7K i A e A A R R K 42
(e = R Ei

1 MRS
1.1 LGS

AW LR A H IR R X A AR G H R
TF R 7K 72 A PR S &1 (35°19'18"N;  119°24'40"E) 1
fFo SZIMIERTHANZ 0.4 hm?, MWIHFNBEK N
60 m. Ti5EH 1.5 m. /KIEH 0.5 m By ILEH 104, DL
B2 B AR, JARKIE N 1.0~1.2 m, 2020 4F
4 A, SRR 9 A0 A SRS N
4000~6000 *i/kg MFERZISAF, WA N, J—
MBI, AR BRI (TE I IX),

1.2 EIRF*

T 9, 10, 11, 12 A%BEA NIXA 6 401
&, TG SR B R e 4 R S DT
FIZ(10 c)BES, 2291454 B1. B2, B3, B4,
B5. B6. ML Bl 5 B2, B3 5 B4, B5 5
B6 HATHIR S, 133 3 A NIXAES, Bk, 1%k
PETC D DX A g R G 3 1 A SR A TG DL DX 3 3 3y
IrlgRS Cl, C2 Ml C3. UUFHIEE S US4 [A] B 7k
5, BT R RS
1.3 (8 FgE 7k K B4

TR YST 2228 485 2K B (S 74
W, il RR Eh (NOy) | fiE R £k (Si07 -Si) . & A
(NH;-N) ., 4BRER(NO3)FLE B (TP) & 3k 2 Bds b
KRB FREL A 343 HT{X (Skalar SANP™ Analyzer, i 22)

R, 2R 25 a e B 1 I o 2 R 2 R A9 2 (G
NG RE ) SL88-1994 ) )5,

14 RERIEBFIIE

FEAS H A DLIX RN I DU X 0 R A i 2 43 1) B
60 g # T 250 mL HEAAEL, I 100 mL 3 TR
BEOK, SRATCE B ISR HOE i A B
JEAERAA ST L 48 ] He WX 30 mino it 36 4> 12 mL
525 JEFE (Labco Exetainer, Lampeter, J:[H), 4
A E ctrl \E_amox 1 E_denit 3 35540, B34 24 1
Horb, E_ctrl EHI4E, W0 PNHE (99%°N), T
WA R b S TR B R AR A, DLRASIE R ''NO;
BB CLINFESE ., E amox HWFZ4, ¥in "NH;
(99% " "N)+""NO3, Fil T8 2 FR A & B AL I A7 TE
E_denit AHE4L, #I °NO5 (99.19%°N), HT
VIR A B 1 TR S R R B A V(3 1)
S 4 mL YR SRAE SO A T2 SRR, R A He
K 30 min, PMEHEGEH AR o B T2s dER G
TEREGAEAF T HEFEH55% 5 d(180 r/min), i H 587334
FIREARE, HHRRIUBRY AR N0y, %
FAMAMA PNOs. PNHi . PNHi. "“NOstR
VEVA TR e v B 15 2 100 pmol/L, 7EHIN PN
FRICHIEIIES 00 3. 6. 9 /NI, A SzE2H 45
B3 ASPEATEES, LA 200 L 1Y ZnCl, 753 (7 mol/L)
2k, BT 36 MM, FEMIT 4 CIGRAR
FELAINRE Ny 0N, B B GRIE, 2017) AR IR 2R(1)
A 3 (2) 4 B E 5 R AR A TR Ak R
(Thamdrup et al, 2002; Dalsgaard et al, 2002),

Py +2x(1-Fy)xPRy
otal — FN

(M

Diotal = Poo ¥ FN” )
K, Ao AREZAEHEZ [umol/(kg'h)]; Diotal
N ZE [umol/(kg-h)]; Fy K SEHZH E_denit
H PNO; 5 B NOHI T 23 H 5 Pag Fl Pyg 23 B2 5256
A1 E_denit H 2N, 1 *Ny 9 42 i & [umol/(kg-h)].

1.5 N EBEHEEMNE

PR EFRL AL 5, BOUERER, B 1 mL iz
UAEZE He (99.999%)K 475 B Labeo H 25 KA,
BT GasBench Il #£ i #rh, (AR R R g
1% (GasBench IT —253plus, 2&FE)IE PNy, N, iy
A
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Tab.l1 "N slurry incubation experiment groups

S [} 37 2% 24 it IS AW E I 5E AH
Groups Isotope medicine Tracer added Final concentration/(pumol/L) Isotopes measured

E ctrl SN NH,CI SNH; 100 N,, N,
E_amox SN NH,CI+'*N NO3 NH;+'“NO3 100+100 N, N,
E_denit SN NO; SNO3 100 ®N,, N,

1.6 HIEZIt54bE

% FH Microsoft Excel 2016 & 447435 2% B
I, R SPSS 25.0 H{FHEAT L 2 2 4
Hr (one-way ANOVA), P<0.05 N &R, P<0.01
2R

2 4R

2.1 inARiE pE kIR L FE AR

DU BUK AR R BT R I 2.0 AR 2
LU, AN IRAE ], A DT DRI DL XA B oK

LIS PR E I 255 . Hid, AIIXI44E a,

NO; . SiO3 -Si il NOs & #7E4& H MR T LN X, &
IIX A NH;-N ., NO; . NO3HI SiO; -Si & = 7E 35t
[ B AR T T R, A DX TP & 10 A
FArRRE, 11 A, 12 A XEERRKE,
T IX TP @ Rl TR .

22 REUEREENREEER

221 ANK A U IX 2N, CONG A il LR 1,
M 1A LIE ) E_ctrl SCH 41 44 H 2N, 710N,
Bk BB, RULGA R RESM LA LA K
TR AR A T, TURMIAS I F Y N Oy SE 4T FESE .

*k 2 W EEKIE KIS
Tab.2 Physicochemical parameters of porewater at sampling sites
A B TR 4R a W AH R ER kMR ER fHERER §5Y 7
Month Samples  |cmperature Chl-a NO, Si0}-Si NHi-N NO; TP
Ic /(mg/L) /(ug/L) /(ug/L) /(mg/L) /(ng/L) /(ng/L)
9 H Sep. YB 23.9 1.6 49.7 2 134.6 3.2 455.8 8.8
WB 24.1 1.9 60.2 3203.1 2.6 600.5 10.1
10 A Oct. YB 16.8 1.5 17.0 1965.0 3.0 173.4 5.4
WB 16.9 2.4 79.3 3005.4 3.1 197.7 10.3
11 A Nov. YB 8.8 0.3 15.0 784.5 2.9 127.3 13.1
WB 8.7 0.6 24.9 2071.9 3.6 315.6 11.0
12 H Dec. YB 8.1 0.2 12.3 366.7 1.9 32.3 1.3
WB 7.9 0.3 28.3 1772.4 2.3 314.0 10.3

H: YBAANX, WB NI

Note: YB represents area with clams, and WB represents area without clams

E amox ZbHHZHH, 9 A, PNy, N, ¥R B,
¢ B35 B R R A 1F HOR A7 78 IR R A AL S
10 AN, A B BR, R IA 2 B 5 IRE 41, PN,
AR R, RRFERAEARN; 11 H, PN,
R 2 2R, FIALAER R AN 12 A, PN,
NG R B, R I B R A S H AR AR
ALY

E_denit ZbBRZHH, 9 H, PNy RZEM, 1 N,
A B R BT, R R A A A AL

A WAL R, At i, RGPk
0.005 8 pmol/(kg-h); 10 F, N, Fl N, ¥4 EFHH.
N B BT PN, R WAL R S SRR S
TR f, HAHE R FRAARIE R, 4t
B, AEAEEE S 0.003 9 pmol/(kg-h), KA
AL 0.000 92 pmol/(kg-h); 11 1, PN, AT &
B, RIAAAE R A E AN, SR ATAL, R
ARV HZE S 0.000 93 pmol/(kg-h), T N, A
fT B, RUAEAE AL N, 23 mT N, I Affk
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_——E_ctrl®N, ——E_ctr®N, ——E_ctr®N, ——E_ctr®N,
—E—E:;:mox"’N1 9H Sep. —!3—137:mm£3“N2 104 Oct. —E—Eﬁeclr:mx’“N2 111 Nov —-E_amox®N, 124 Dec.
0- 1 6 _e_E_an.lOXZ?}I2 YB 0. 1 2 —9—E_am0X29N2 YB O. 12 r _e_E_am0x29N2 YB 0- 12 +E7am°x29N2 YB
~ -— E_ctr®N, ~ -— E_ctr®N, 2 A -— E_ctr®N, A~ -— E_ctr¥N,
2 0.12 b E_denit™N, 2 - E_denit®N, g - E_denit®N, = % E_denit®N,
g g 0.08 - -&- E_denit™N, g 0.08 | -a~ E_denit*N, g 0.08 | —& E_denit®N,
ES ES £ ES
< 0.08 < < <
Z Z 0.04 2 0.04 Z 0.04
7 0.04 5= r g o= ° I 2
E = & & g !
0 1 1 ) 0 0 1 1 J 0
0 3 6 9 0 3 6 9 0 3 6 9 0 3 6 9
ffE] Time fifjE] Time ffE] Time fist &) Time
—o—E_ctr¥N, 9H Sep. —o—E_ctrN, 10H Oct. —o—E_ctrN, 114 Nov. —o—E_cti’N, 12 Dec.
0.15 [ = B amox’, WB 008 = Eamox'N, WB (.08 = Eamor'N, WB  0.08 = E_amox'N, WB
— : —e—E_amox®N, . - 0'07 —o—F_amox®N, - . —o—E_amox®N, —_ : —o—E_amox®N,
| -— E_ctrN, VI T -— E_ctr®N, A -— E_ctrl®N, -— E_ctrl®N,
% 0.12 - E_denit®N, % 0.06 | - E_denit®N, % 0.06  -x- E_denit®N, o % 0.06 |- -5 E_denit”N,
E 0.09 | & E_denitN, g (.05 | = E_denitN, g —— E_denit™N, g &~ E_denit"N,
< = < 0.04 < 0.04
2 0.06 Zz 0.04 2 z
¥ 003 o 1 0.03 0.2y s 8 17 0.028
g V0B = = & 0.02" = ® &
0 ' ' 001 : : : 0 0
0 3 6 9 0 3 6 9 0 3 6 9 0 3 6 9
ffE] Time fi5f[E] Time fif{&] Time B{E] Time
Bl 1 A DX (YB)S T X (WBYBE SR 2N, . 2N, A i
Fig.1 The amount of N, and *°N, in samples obtained in the area with (YB) or without (WB) clams

B2k 0.003 9 pmol/(kg-h); 12 A, PN, k&
BT 2N, 2 BB, R AR, 2831
AT, ROEARR N R 0.002 8 pmol/(kg-h).
222 RNE TG 2N, ON, A A 1
M 1 LIEH, E ctrl AP, 4 D HEESE)
PN, HONG R R, WA B RA S B S A
JE T UNOsSE A I RESE, JO UL XA &AL
SABALBRE A N . E_amox AbPRZHH, 9—12 H
FEAREY 2N, A1 ON, # K BB, RMABIR A SAE,
HRAETE IR A B A AL 5 E_denit &b B4
9 H, PNy ok 2R N, Bl RE, RUAREAER
AAFALR N, (AAFTE RO AL N, ST %,
A AL S H %R 0.004 8 pmol/(kg-h); 10 A, *°N,

G BRI PN, KRB, R R S E A
RAF AN, SIFE T, A E RN
0.002 1 pmol/(kg-h); 11 J, N, REME|EH, *N,
GRTE, RPARFAEDR AR AN, A
b N, B, Ak N RN
0.001 9umol/(kg-h); 12 H, N, K2R N, £ i &
T, FIATEE R R AN A A RSN
AT, AR R 0.001 4 pmol/(kg-h),

23 REUMRESENREERZMER

A DX ORI R AR A A S 8 R | SR A S
JO7 3R (] B K B A S B SR A 4 R 36 3
MK 3 W LUEH, AR R, WY/

x3 MBRYHRBINRNEZRSNEERFHEIESHT
Tab.3 Correlation analysis between nitrogen cycling reaction rates of sediment and environmental factors
. P e ifs A L s ]
HH Temperature/C Chl-a NO, NH,-N NO; TP/(ug/L)
Items /(mg/L) /(ug/L) /(mg/L) /(ug/L)
D A D A D A D A D A D A
[—] ok * ok * ok ok ok * *
il [Z, 0.9 -0.3 0.6 0.1 0.9 -0.5 0.8 0.9 0.9 -0.3 0.5 0.5
Area with clams
[—] ok * ok *
AR 09° — 05 — 04 — 02 — 097 — 05 —

Area without clams

T D: REHERONHE R A RAZAM A * oK 35 25 5(P<0.05); ** Rl ik 3% 225+ (P<0.01)

Note: D: Denitrification rates; A: Anammox rates; * indicates a significant correlation at the P<0.05 level; ** indicates a

significant correlation at the P<0.01 level
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K ST 9 S A 5 07 3 2% 5 TR BROK R EE . NO; .
NH4-N. NO; & &M H HA B 8 35 25 57 (P<0.01),
HitagEz allRE TP & A L 22 1 25 AH 5C(P<0.05),
PRAA S EAL RN 3 A NHE-N 2547 e E A )
FEF(P<0.01), 5 TP, NO, &AM L7 % 2
F(P<0.05), SR, MK a WlE . NO; &&=
Lb e i 3 2% % (P>0.05).

Jo DU DX PLFR ) B Al A s 1 o 58 5 ] it 7K B Ak
SRR TEE R WA 3. NR I WLUIEH, T
DU TCRR /7K ST %) S A s o7 3 46 5 ] B 7K i
FE . NO; & 240 L B A 8 2% 22 % (P<0.01), 5nt
4tk a. TP FEtHLb B 325 5 (P<0.05), 5 NO,.
NH;-N £ 24 H 22 57 A 8 3 (P>0.05).

3 g
KA 25 B G UL AR K L AR R R R

B FE RS L (Nitrification) . SUAifb . IREAZE LS
B Ak 2 S AL A0 B 7R R TR B R (NH ety
NO,Fl NOsIWI R, REA L BRA WL (R AE5E,
2016). Sz il fRAE F & R AL 40 B 7E IR R F T
B NOsib A i N,O F N, i 2, i R A &AMk
)2 IR S A AL i A IR AT, NOL A
NH. 0 N, it 2. B, XTFKESRER
R R A AF 5T 32 B2 URS AL A S S AL S g 3=,
SOt H A4S, 2020) ., Bl mla (g, 2017).
WA (L, 2017) . UK (G R, 2020) . F
M (Dien et al, 2019 L8RS, KWLk, K
e 72— EBOA R KA S R G AT 0 —i&
2. ¥ Tanaka %:(2004)F1 Middleburg %5:(1996)%7} it
ORI AT R R S5 SR B, AL nT LB
H 67%~80%I1 & AALE Y, MH AL — L8 5C ]
FTR VS X/ A R B, A AR T BR
20%~60% [ fiti Y5 & 17 ff (Barnes et al, 1999), H
Mulder %5 (1995) 1 U AE A= 9 i & A0 IR B2 b #% T
R, PREAEEAN LK, BN AT 28
WAREHE T AT EIE R LG UGN, R R
2 SR W 5T A

Thamdrup %5(2002)f F kB T ARAET RS
) R A RN, FF A R i 2 g —d i Ao U
WU R b ik 67% 2 IR | & E AL i
SERUI o LIS, 7E H A KR 2 2k T i DT R
(Fernandes et al, 2016) ., i I1 X 3 JTFL ¥ (Meyer

et al,2005) LA J Bl 4807 7K [X 38k (Kuypers et al, 2003)
ER e AR ol N = K== R A WAL ' SIEN
WL RS R G VTR EE R A E A AL R 9K
AT IR AR WAR P A A 142552 (Fernandes et al,
2016), AR, FREBl AR AR A S R 5K bl
ZZEEHT (Zhu et al, 2013), KAEH 158(Zhu et al,
2011)FIIR 7K f1 3551 1 3 (Shen et al, 2016)%5 i 7k
HEB RGP RGBT IR A& AL N E 5T
TP RGE R, (A SC K SR th I R 48 b
TAEAE A E ARV v R WARTE o AWFFE R,
JE A AT 7 A b E G DL IX TR /K B T A e IR
AL, L FE T IMIRKAESRER
PEIA AR, X AT B2 TR IE R IR T 80T
JRATE K S TR, R, SRR AT e 4%
Hedte NH (B R], 2011), ARAE A LS 4L T
RN R PR R EAR AT, ZARHE Y
M Z (NI, 2017). ABFFEH, A W IXHALHE 10 H
A1 53X — D2 AR e i B 40 R B R A S A
JNE T LR N R AT SR AR S

FEMR 25 A 5 5 w58 AH S 98 2 B8, i Faliak b
M e E IR, HREER ORISR S B S, BB
Bl Ak B2 i #38 in (Dien et al, 2019), AR5,
A DD i 1 SR A s 8 8 T IEDLIX, AT RE T D
EW AW FEOLRTURY AL & Ei e, W
i, D128 BRI oh - 2CE AU R, DR
Tl B AR 3 BOA i E(DO) & 12 19 R %, 2 UM
A S B T 22 RIS 7E A DUIX 5 T DX il
AR ARSI R 2 B, 9 A SRR S0 8 R 58 ) B
KAE, FIRE2 0 9 A SEE T a4 % 5 i 3% v iR 3
BEHARAE I R 57 o 253201 7)WF R R, IR
8 R A b s I TR R R A n el i
AL NGBl , Ji5h, AR A, 9 H NOsHkE
B i, KA NO5 & 1 1T A SO Ak B g 4t 5 1 i
Y, ARk RS Ak RN Y kA

AN, T IR IS A DU Th R 3l Y i
YER, & Ay LK A DT, AR (DR
HIBRAK Y Oy S iEH N, fRHERALIN, it
SN AR HETE Z [ W RYI(NO; . NO3), [Ef, O, &t
(3G I3 B S AR RN, T3 S5 TR 5 A
AW & A, SERE, AP A
SRR R PR R BRZK 1 DO, B UK A A IR
AR, AR RAE AR N B &, (HA ] BE R R il
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S B 2k TR R R P o 73 Ak, A AR R
IR S0 48 b R g 78 2E 47 B 2 3R] R IE A 4
CREDLAE, 2016), KL, 780 fe i A7 e 4
AL

ARG LI, A UK JG0 X YU SO A
07 3 2% 5 e BE A B 3 A G (P<0.01), IR
W S A Al S N R K, X 5258201 7) 52 45 SR A
— 3 A DX R E A ALV R S NHy 23 )
i PEAE(P<0.01), X AT RE/E FH T NH4-N /E KK
A EA Y B AR RIS, NHy-N ¥ B 538 ]
PR PR AR SR AR S B (R 2R A T o A DL X5 T DL X i
LR R 4R a WE R WA
K(P<0.05), P&z a kB m N RR KR e R
WS, WSRO SO Ak T B AL P (OB U A
2021), fEE R AsfLan T sem, Wik, miess
o FEUTRR Y SR Ak 3R AT BT i . P &K i)
Yol T, RS Fe ' 4B Fe
A P, FEERFAYIR ST R S HE A K
iy DO HEA TR, HUHE LA Fe® EALIK Fe' i
SiAWEEEZ M) Py PR NAFIT P b, A
AR HAB AR R T, Fe® S T8kl
BT L3240, NIAEISS &%) P fEFAR IR AT
FRIMIE, TP W IR A A LK S il fk
RN AR EZ —, ok, RS, A 01KK
AL N Xt NHy-N| NO3 ., NO IR LI K TG X 5
NO3 R B 1 2 B H A5G o B8R NHA-N 5 s fe
NAFTEIEM LB WAATE, 3 nl fe b T a8 1 S 1Y
KA R RO R L T NOs FIl NOSJEY, i —
IGAFAE o PRAE AL SN T NO, i NH,-N e L
AN, FFEIRER AR H N L

Zx LPTR K g v IR A SRR R AR A T
R K 5T ) RGBT B s, A
FKERAER TRKESRZRERZNEHREILE, BRI
Ji 1 7K 75 58 R /K A WAk T VRS T3 S

Z % x #

BARNES J, OWENS N J P. Denitrification and Nitrous Oxide
Concentrations in the Humber Estuary, UK, and Adjacent
Coastal Zones. Marine Pollution Bulletin, 1999, 37(3/4/5/6/
7): 247-260

Bureau of Fisheries, Ministry of Agriculture and Rural Affairs,
National Fisheries Technology Extension Center, China
Society of Fisheries. China fishery statistical yearbook
2020. Beijing: China Agriculture Press, 2020 [4&)MV 4 #f

v P Ry, A KT EOR e, I K
FRAEgy. 2020 HHEMO SRS, e R EAOE
WAt 2020]

CHANG Z Q, NEORI A, HE Y Y, et al. Development and
current state of seawater shrimp farming, with an emphasis
on integrated multi-trophic pond aquaculture farms.
Reviews in Aquaculture, 2020, 12(4): 2544-2558

CHENG H H, ZHU J X, QU K M, et al. Effect of different
organic carbon sources and C/N on the bio-filter purification.
Progress in Fishery Sciences, 2016, 37(1): 127-134 [F£ifF1E,
AHpr, mhvell, 55, AR UKD K C/N X Pkt
RCRRY . bR = 3R, 2016, 37(1): 127-134]

DALSGAARD T, THAMDRUP B. Factors controlling anaerobic
ammonium oxidation with nitrite in marine sediments.
Applied and Environmental Microbiology, 2002, 68(8):
3802-3808

DENG K. Nutrient exchange fluxes and biological disturbances
at sediment-water interface in typical coastal areas of my
country. Doctoral Dissertration of Ocean University of
China, 2011 [XBW]. 3 FEHLAIVE B TR — K A
Frh AL i S AW S s v R
TR, 2011]

DIEN L D, SANG, N V, Faggotter, S J, et al. Seasonal nutrient
cycling in integrated rice-shrimp ponds. Marine Pollution
Bulletin, 2019, 149: 110647

DONG S P, LIN F, JIANG W W, et al. Estimation of carrying
capacity of Manila clam (Ruditapes philippinarum) in
Jiaozhou Bay based on spatial and temporal distribution of
chlorophyll a. Progress in Fishery Sciences, 2020, 41(6):
100-107 [FEMG, ML, 2t 5 BT e amf=s
I3 BB IR B AR AP IR A B Al . Wb B R,
2020, 41(6): 100-107]

DU Y F, ZHANG Z N. The effect of bioturbation of Philippine
clams on the vertical distribution of sediment particle.
Periodical of Ocean University of China (Natural Sciences),
2004, 34(6): 988-992 [#iks¥, KRS, AEAEEIGAFINAE
Py xR ORI L0 B R oA
(FSRBIEM), 2004, 34(6): 988-992]

FERNANDES S O, JAVANAUD C, MICHOTEY V D, ¢ al.
Couplingof bacterial nitrification with denitrification and
anammox supports N removal in intertidal sediments
(Arcachon Bay, France). Estuarine, Coastal and Shelf
Science, 2016, 179: 39-50

JIANG H Y. Study on nitrogen and carbon cycles in lakes in the
middle and late period of algal bloom outbreak. Doctoral
Dissertation of Yangzhou University, 2017 [YLIfF7. #EtE
R FIIIARR RO, MR LT
AR, 2017]

HUANG Y Q. Study on vertical distribution characteristics and
flux of N,O dissolved concentrations in the large and large
reservoirs of Lancang River. Master's Thesis of Xi’an
University of Technology, 2020 [#£ V.55, VIR KK



116 ook B

543 &

SE SR A e JEE PR 1) 3 A P A BOm IS P 2
TREAR AT A A8, 2020]
KUYPERS M M M, SLIEKERS A O, LAVIK G, €t al. Anaerobic

ammonium oxidation by anammox bacteria in the Black Sea.

Nature, 2003, 422: 608-611

LI 'Y. Study on the effects of temperature on denitrification and
carbon releasing in constructed wetland filled with Bark.
Doctoral Dissertation of Wuhan University of Technology.
2017 [ZEFE. U BERB B ORI S G AL FTRE Rk £ 52
MaBFSE. SR TR AR 20085, 2017]

LUKWAMBE B, YANG W, ZHENG Y, et al. Bioturbation by
the razor clam (Sinonovacula constricta) on the microbial
community and enzymatic activities in the sediment of an
ecological aquaculture wastewater treatment system. The
Science of the total environment, 2018, 643: 1098-1107

LU SM, LU G Y, ZHANG L, et al. Comparison and analysis of
water quality between industrialized ecological pond
farming and traditional pond farming. Journal of Aquaculture.
2020, 41(8): 7-12, 25 [Bhim B, AO6T, kA0, 55 WyET
WAL A= IR S A ST b E FRFE K BT LU B BT, K™ 375,
2020, 41(8): 7-12, 25]

MEYER R L, RISGAARD-PETERSEN N, ALLEN D E.
Correlation between anammox activity and microscale
distribution of nitrite in a subtropical mangrove sediment.
Applied and Environmental Microbiology, 2005, 71: 6142—
6149

MIDDELBURG 1J J, SOETAERT K, HERMAN P M J, et al.
Denitrification in marine sediments: A model study. Global
Biogeochemical Cycles, 1996, 10(4): 661-673.

MULDER A, VANDEGRAAF A A, ROBERTSON L A, et al.
Anaerobic ammonium oxidation discovered in a denitrifying
fluidized-bed reactor. FEMS Microbiology Ecology, 1995,
16: 177-183

SHEN L, WU H, GAO Z, et al. Evidence for anaerobic ammonium
oxidation process in fresh water sediments of aquaculture
ponds. Environmental Science and Pollution Research, 2016,
23:1344-1352

SHI Q X, HAO G J, YE T, et al. Research on eutrophication and
its driving factors in reservoirs of the Quzhou area. Progress
in Fishery Sciences, 2021, 42(1): 18-28 [JiilFit, A5,
MRS, A5, T DX K SRR K A B B R A KT
ISRFIFFE. ol Rk, 2021, 42(1): 18-28]

TANAKA T, GUO LD, DEAL C, et al. N deficiency in a
well-oxygenated cold bottom water over the Bering Sea
shelf influence of sedimentary denitrification. Continental
Shelf Research, 2004, 24: 1271-1283

THAMDRUP B, DALSGAARD T. Production of N, through
anaerobic ammonium oxidation coupled to nitrate reduction
in marine sediments. Applied and Environmental Microbiology,
2002, 68(3): 1312-1318

WANG G. Nitrogen removal of sludge liquor based on simultaneous
partial nitrification/anammox/denitrification (SNAD) process.
Doctoral Dissertation of Dalian University of Technology,
2017 [ERI. T[] i AR /R AR 48 A A AL (SNAD)
FARMW G VAR A T 258, KM TR 2= +-0F
FEHEAAIIEL, 2017]

YE M. Study of influence factors on ammonia Nitrogen removal
in Wenzhou typical rivers. Doctoral Dissertation of Lanzhou
University of Technology, 2017 [FF#f. IR MLAIA]E 7K
BALRIGEZMF RG22 N B TR A0 A 2
R, 2017]

ZHANG M P. Spatial ang temporal distribution of nitrite-
dependent anaerobic ammonium and methane oxidation
bacteria in mangrove wetland. Master's Thesis of Xiamen
University, 2017 [#I#F. Z0MAIR Y ARREE BUR AR
AALTINIR A R e S b S E i 25 A . 11 R 2R AT
FEHE2ENIIR S, 2017]

ZHANG R Z, Li F R, YUAN Q Q, et al. Marine nitrogen cycle
and prediction based on genome-scale metabolic network
model. Acta Microbiologica Sinica, 2020, 60(6): 1130-1147
[k HAEI, 223E0K, M, 55 AR R SOk T3k
PR 20 AR 0 £ ST RL i S0 AR 0 2E A, 2020, 60(6):
1130-1147]

ZHAO F, XU H, ZHAN X, et al. Spatial differences and
influencing factors of denitrification and anammox rates in
spring and summer in Lake Taihu. Environmental Science,
2021, 42(5): 2296-2302 [#Xl, ¥rifE, ZfE, & KMIEER
PRI A A5 DR AR S A 1) 2 [ 22 S S FLRE M R 3%
BRI, 2021, 45(5): 2296-2302]

ZHU G, WANG S, WANG W, et al. Hots pots of anaerobic
ammonium oxidation at land-freshwater interfaces. Nature
Geoscience, 2013, 6: 103-107

ZHU G, WANG S, WANG Y, e al. Anaerobic ammonia
oxidation in a fertilized paddy soil. The ISME Journal, 2011,
5:1905-1912

ZHU Z Y, YU D S, Li J. Influence of C/N on nitrogen removal
performance and kinetics characteristics of ANAMMOX/
denitrification synergistic interaction. Chinese Journal of
Environmental Engineering, 2016, 10(6): 2813-2818 [43L,
FAige, Z2H. C/N HA ANAMMOX 5 5 fiti {1 7] i 48
PERESZ IR KB T3, BREE TR =4, 2016, 10(6): 2813
2818]

CI N



4] RSO S AR B2 A X0 I G W OB A /7 S T S A R R S A A S T 8 (1 52 1)

117

Effects of Ruditapes philippinarum on Denitrification and
Anaerobic Ammonia Oxidation Rates of the Sediment/Water
Interface in Seawater Aquaculture Pond

ZHU Wenjun'”, YUAN Shengyi'?, LI Jian’, CHANG Zhigiang™"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China)

Abstract The eutrophication problem caused by various reasons such as excessive nitrogen level in
aquaculture wastewater are the most critical obstacle to the sustainability of aquaculture industry in China
at present. Denitrification and anaerobic ammonium oxidation (Anammox) are important nitrogen cycling
processes in natural water ecosystems, which are the main nitrogen removal pathways in the sediments.
Clams could not only purify aquaculture water column by their water-filtering activities and wriggle
behaviors, but also change the material transportation which occurs in the sediment/water interface. In the
present study, the slurry incubation experiments using the sediment samples collected at the area with or
without Manila clam (Ruditapes philippinarum) in a biological wastewater treatment pond in Sept., Oct.,
Nov. and Dec., 2020 have been performed to investigate the potential denitrification and anammox
activity rate, and the relationship between the denitrification or anammox activity rate and the porewater
physicochemical parameters have also been analyzed. The results showed that the anammox was found in
the sediment of clam culture area in Oct. and Nov., and the denitrification-anammox coupling were also
found. The denitrification activity rate of sediments with clam culture in the four months were higher than
that of sediments without clam, and the highest rate (0.005 8 pmol/kg-h) was found in the sample of Sept.
There was a significant positive correlation (P<0.01) between the denitrification activity rate and
porewater temperature in clam culture area, and between the porewater NH; level and anammox activity
rate. The anammox has been found in the seawater aquaculture pond. The clam promoted denitrification
and anammox processes in sediment/water interface which showed a vital role in nitrogen removal in
sediment in the present study. The results will not only enrich the nitrogen cycling theory of aquaculture
ecosystem, but also provided insights to establishing new biological wastewater treatment measures.
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@ Corresponding author: CHANG Zhigiang, E-mail: changzq@ysfri.ac.cn



