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WE  VRVAEEAET UERE X URY AR 8 5 A (DO) 2 A Ak #E B oL E i, A&

2022 HZF, RAMFHEESFZALENEX, NHEKX, % EXF4ER RHTAY DO, HS. pH #
HEam#T T AE, WETNBRIFENREE. REFEHTFHHTIA, TET FREFRE X
MBH-AKFEH DO RitBEMTRWNHEEAE, FARLA, NERX, NEX, EXXfsERK
TR #at R 2 (DBL)E Z 451 #(1.5£0.3), (1.0£0.3). (2.0+0.8)F7(1.3+£0.2) mm, X s = %71
L%, 495% % Z(OPD)4 7] #(12.49£1.59), (12.17£0.09). (15.49+0.79)F1(14.87+1.27) mm, *
MARXRFNEXASFZRELFRTEERAIERX, WER, NEX, XXM EXEH DO
HE B 5 h(24.10+£1.89) . (49.53+10.24). (26.69+13.13)71(24.79+7.95) mmol/(m*-d), VL3 X 1 #
YK AT DOV HEE L FE THMXE ., WARB—ARE DO ¥ ##EE % _F &K DO KEF iR
WHEAFHEEYH, NERARY-—AF® DOy ##EE% A K DO, DBL & & &AL F
st DO AR B, NHERX, ERXABY- AR T DO HAEFEXHHEEZ IR Y LA K
DO, HARERNENT MAFFHEDERTEAES RARAEI T ARG T BB T,
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DI BEFRAE TR E K= SR I S, 2021 4F
B EA N 187975 O t, S E MRS R
33.71%, 2K G ER 81.29%, D EEFH
BH LN 1.364 09x10° hm?, (5 4 [ g /K FR 78 B
TR 67.34% (Ol LAl i B B1R) 55, 2022).
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el D13 SR BE A AL BV ALK B VR, A HAC I R 0
R ASRAE A EREE e A T G A AL AR
(Yang etal, 2018). PINIRALIX A MK SN 1) A 2%
PSR Ut A AR RN SR 5 A ) A R R R MR I 55, KB )
SRS PR HE T A MU DR AR RS, DT oA 22 Vg )1
DU A 1) A= Wy b sk Ak 2 B o T I W o0 A
BV O, 38 H It 3R 2K LR, RS 278
K& YR BT, KR LAY 2 el R B R BR 2 AT
XS A A A 2 T BUR ZE K R T AR W sk AR
(Kodama et al, 2018). I, 7E4EkE &1L X
WK FRGE X, B 20 T2 B Bk AU
(Breitburg et al, 2018). IMULAIEE LA # £ (DO)
W BE 2 AR DT b DR A R B 2 Jit, 38 it
TR W (8] B K v 3 i %) B Ak ) ¥k B (Jorgensen et al,
2019), fALYITER L5 T o HE L Ho S, HedEth 4
XU A i R B B . BT, OQ T AREE I B X
FRA) A SR 358 5 M %) 2 B ORI A 58 T 2

T EA VA A R B R IX, dR 2R K
1) DR S A 0 g s DA S e R AT AL P, 7 A 3KV
BRAE I e 21 SE 584 FH (Jorgensen et al, 2022). Uik
B A B , —FB 0 FE A Y A w1k,
Tl 338 43 e R B DUAR P b o A S B A s sl R
BRI s 32 AR, & R2 TR TR A LR B b
FRPOE R R Z —, A5 = DSBS R A
HLER BB AL R OB 45, 2023) IR LAY —/K A it
BRI 19 DO T AE 32 BT FE TR Hh U2 P B A AT BT
THAER Oy KAL) WAE T IR AR O, L KA HL
o ok i A P 3 D T AL 7™ 0 0k A Ak Pr S FE 1Y)
0, (KRR, 2023), H 20 22 60 4EUHE, BF5EH)
17 oK HG 37 46 1 X U0 AR B 8 FE 4 i (total  oxygen
uptake, TOU)HATIN &, MRFTCRR M 0 HE AU B0 i
T304, 1% B — R S i IS DU AR s 7
52 —(Glud, 1994). {Hi%J7 kAL 20 TURR Y-
JK JL 1 (sediment water interface, SWI)Ab )49 Jii 52
AR, W, I R TR N ) DO T
FEa R (RS & %%, 2023), WFRFEW, P A ARE
(diffusion boundary layer, DBL)/Y /¥ — £ 0.1 mm
Bl K Z AR, R K ST ) ot A8 e A7
B (TF 7 T4, 2012), DO FEVIRYIFR)Z L2
KB LK B9 78 [ P B2 JH #E5R /S (Jorgensen et al,
2022), UL, AR GO B N ARSI AR A, AR
K, W5 H 22 2R TG T 2 A58 DURR A Hh R OB Ak 27
FEAEAR Ak o o) TE 25 R 8% AR A5 LI 32 7 Y SIS U AR ) vh

I\ 1w v 43 HE AR SOUAG 2 REAE A TRD , AT DA oA e S
BT H Y DO THAE . A8 B IR 55 B (Lemburg
etal, 2018),

PRI, ASBIF 58 00 PR T s, 0 SRV AN W) 37 58
X AU B DO HoS. pH B9/ A i1 iR
JEED i R 1 43 BT TR —K L TE 1 DBL (1) DO i &
DAY AN ) 57 58 X SRR N 1) DO TH #E R 78 I 42
SN 2R, PR SE SR 00 I B 37 0 A 8 R G R rh
AIAE I BERHE S H%

1 #MH5TE
11 RS R EHER UR RAf ki

R AL F 1A P 5 AR EB(37°01~37°09" N,
122°24'~122°35' E), J&—V5 . bt §E =1 I fili Ho )
BV, AR T 1.5 km B9VETS 15 BT
%, BEAZHN 144 km?, EHNAEEKIE N 7.5 m,
KRIKHER 15 mo RIGUERERCVANEHE, &
K252 2 m, ¥4 (Saccharina japonica) (i #i ik 1k 75
FETT bR T 20 tH22 60 4E48, DU RAEAL A 57 5 T

HT 20 4t 80 AN, HET, FRIFTE 2/3 Bk
TIF R W B IR0 . TSR 5 Al 46 1 4 15
(Crassostrea gigas) . #ifLk# Ul (Chlamys farreri) . 47
H e 3% (Gracilaria lemaneiformis)&5 , #ifL 5 U1 gt
Wi NEREAE 5 H I IRIFATHRE , SR AINL R 2 455 i
WHE 10 HIKE 11 AP, WA 5—7 HWI5E
AR (Sui et al, 2019).,

12 HRWEA=*E

2022 4F 8 FFESIAE DI FRFH X (SF) . DR 77
[X(SF-SW). #EKIRFH X (SW)LL K ANAE X (OF) 43 51 B
K, WAL 3 APATRE . R4S FRAH DX O HURE
IURE A UL 1, BRORE i S K R , BORE a A rp
T K R ) AR A X TR ) B S B 5 e /)N, 7E
IR Kot A PR A T o 0 DX, Al SRS 9 2 X LR )
FL S B0 A 52 5 /N (Jorgensen et al, 2022), H.
CA SCHRIRGE R, XTI R i A, R AR R
mn JE 37 B W I Y 5k & PT AT R (Vopel et al, 2021;
Wang et al, 2016; Glud, 2008), K, A b4
HORPeAR R A LK TR RE &, A PLBE
A A LK DT AR R (Glud, 2008),
TEARIBORE i J5 S BD AT &L . {8 YST EXO fH#E
2 B H0OK 5 W I ASC B0 5 KR AN ER B
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Fig.1 Mariculture distribution and sampling
stations of Sanggou Bay
SF. SF-SW. SW #il OF 4 5ift & KX |
DUEEIX ., BRI RASNEX, TR,
SF, SF-SW, SW and OF represent the shellfish monoculture area,

shellfish and seaweed polyculture area, scaweed monoculture
area, and offshore area respectively. The same below.

1.3 MARMBUSHHMNETE

ffi F| Unisense f#f HL #% (Unisense Microsensor
Multimeter Version 2.01)ill & ULFH—K AT AY DO |
pH 1 HyS SOV I T, 25 18] 73 834 1 mm (Wang et al,
2016), WAFESIEAT 3 WEE NS, BOFHMHEER
M 455 . UL DO ZEUTRR I R H] 0.1 mg/L I EE
Y& R TR W) S35 55 TR T (oxygen penetration depth,
OPD) (Lin et al, 2021), Lk DO<I mg/L IR HIT
B IX (3 A (Liao et al, 2022).

DURRWIRE S S IR 30 s AT 305 , 18
Bk T 1’)‘((Mastersizer 2000, Malven Instruments
Ltd. 5 =) 2 ORIk AR . 3 BT RE i, 4331
FENEE T, T U ALBR A BT
1 5 B RE S B S i 0.15 mm PG SEA T Lk,
HMRMALS , KRR ZE LR . 78 60 C
TG, FRINZ) 50 mg A B8 f b o (TR 0
{ (Vario EL cube, & [E)5 #7 U0 A Lok & &
(sediment organic carbon, SOC), MEIRZEH 0.01%,
T B 9 A ORI T 3 IRE SR I &, BCE
PHEAE R e 455
1.4 FLERE. AR

MREIENITE

LB AT

o= Wy ~Wp) x100% (1)
Wy —W, +W, /2.5

X, Wy AFERMIBE (), Wo AEEM T (), 2.5H
RIZVURY V-4 % B 57K % 5 A

KFEABET HEERTR

TE B 2596 PR S 1 DB, 7K U0 52 18 IS A4 5% 1
&, WK 2 BN, /N R B KA
AR %, ZEDUR K S 5 T RS B 24
0.1 mm F|JLZEKPYIKHRE, X —F e s 1 AR
s A & W sC B 22 BRI, AR B A2
(DBL), FH 33X — X8 PN /K 37 9 1 J 25 [ AIK, DBL
1Y) B iz 2R 4y 9 B E R . %7 DBL Hhik
H DO MAAMNHEFER A= i, DO ¥ B )\ DBL il %t
sy WANESI TV L /B 11D B R AL 7 B AW NS
M50, £ DBL MUY+ DO Y B R A,
KL, Zid/K-UIRP A E PN DO th4k Rk
A AR Ak, BT RARRIE DO ) T He 2R 2 A 35
B DU —/K Bt 1T 9 62 B S DBL 5B (7 3% T 55,
2012), #:T3@ 1t DBL i DO WBE T, RHIETEH —
E BT E DU Y —K B % P B8 i (diffusion
flux of O,) J [mg/(m*'s)] (Jorgensen et al, 2022):

J=Dx(Cy -Cy)/ X4 (2)

Kb, D HESFEKPHY AR, BUEH 2.3
10~ cm?® /s (Chester, 2009), Cy N /K DO #kJE
(mg/L), Co AULAY—KAHALR DO I (mg/L),
X4 4 DBL f))2 B (mm).

DO FZLl Iy HUE X B ERTIRY b, EITH
Py R TRt AR b, A T W Bl DA R HAR
T E AL SRR EHFE VTR T ) DO ST AL
FROERER, T+ DO MY H S5 IHFEAL T 71
WA, VIBWFEERR) [mg/(cm’ )] A @t 4 F 2250
1% (Berg et al, 1998):

d*c
R= gD Do 3
¢7 S ( dX2 ] ( )

X, o HUTRWIFLEE , Ds MRS TR )
PHEE, Coo NEFETEYHIIRE(mg/L), x N
DU R FE (cm) o

Ao FAEVURRY) 14 B R EL Ds (em?® /s)3 3 4n
T AR 144 (Wang et al, 2016):

D

C1+3(1-9) @
Ko, o MUUBWIFLERE , D MES T KT AP 1
EY 8
15 HERIE

{8 SPSS 16.0 AR XA ] X 38 K F8 5% 2 BTt
TR FESE R AT BN 2 7 22 73 BT (one-way  ANOVA)

DI E AR K IAE 95% EAR /K HIgeiT2¢ 225 o )
B R AT WU i R 56 1Y Pearson AH 360207 LABTSE

S
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S XU E RS LK DO, VIR —/K A
DO J¢ DBL JE R Z [A] (Y AH R o MRAEFFIEAR KT 1
B 22 25 B0, AR 2 e 4 A AT R AR ] 1 R
B, 4 DO B35 1 V0 L 4N X LRI RE 0K |
DO ¥ #il s SV R ZE 0~1 cm JEFEHN SOC., Hi
1 2 B A T R A b B

2 #R

21 RAENRY EBKHRESH

SRIEURY) EEDK RS HINER 1 fis . IX
S IR] ) b B KOK R 22 5 .25 (P<0.05), A 1o TS
I [0 V5 A1 g T AR, D2 DX B ROK R e T H A X
s, DUBELX B BDKOKIRAR T 2R, m T kX, B

HRIX B KK IR AT A X 3, AN X B KK
IR0 TS X (P<0.05); X4 ia] i) [ 7 /K3 BTG
3 22 5 (P>0.05); - B/K DO M PN IV AR
AN IX 2 T HAB X (P<0.05), RX BEET
DIZEIX FIDL X (P<0.05), DIZRIX 501X 250
2 (P>0.05).

22 MARMEIREKE DO, H,S, pH RiTBMAEH
R AN B B 1) T 4> A 4 i

2 DX S ORI B S 50030 T 43 A7 DL 2. 4% DX 38
W DO FEUURRI R G FREE] 0, 5 pH 4rfi e w3
IEMSE(P<0.05), H,S B iR B e fin Js BEAK 1)
¥, pH BEIRBE B HT L, 7ETIRYI—20~-30 mm &
FINBETRE.

®1 REOTABHMAKRUARTRY LBARESH

Tab.l Water depth and sediment overlaying water environmental parameters of Sanggou Bay

vl 15 Site 1% Temperature/C ¥ Salinity % f# 5 Dissolved oxygen/(mg/L) /K& Water depth/m
JIZKIX SF 23.66+0.50? 29.96+0.13% 5.07+0.03* 8.15+0.07%
DX SF-SW 22.57+0.06 30.14+0.02° 5.17+0.08° 8.88+0.11°
BEKIX SW 21.80+0.02° 30.20+0.01° 5.79+0.11° 9.07+0.10°
SMiEIX OF 22.48+0.01* 29.76+0.01* 6.09+0.05°¢ 26.734+0.39°¢

T FSVEE A F/ING B B AR IR 22 5% .35 (P<0.05)

Note: Data with different lowercase superscripts in the same column are significant different (P<0.05).

125X SOC 7E—5~—15 mm 76 B N R 3 H /b itg
B Bl E-15~-35 mm Y5 BRI BBk, fE
—35~-45 mm Ju B TARE ;D3 X R B R
JeHME AR A S, FE-25 mm Abik Bl R RME; %
JE DX B B R B MG i Ea #; AMIRE X SOC 7
—~15~-35 mm I B MR B BEIR B AR B ke ds, 18
~35~-45 mm vt [ PN B % B a2 G

DU X PUAR PRI AR 22 I A0 S 3 n s AR A R
e KAE B AE-15 mm &b, —25~—45 mm 75 Fl N 2805
N5 UL IX LA R AR FE—5~—35 mm 31 Bl PN Bt Y %
Wy, 35 mm AbIRBIERAME, B BT
PEIE XU R AR AR Bl VR J3E 50 S 1 o 5 AN DX TR
TR RIS B R B B T A A R A, DUZRIX . DUBEIX
XA AR i X 3 LR RS 43 R (6942)%
(70£3)%. (63£4)%F1(64+3)%.

4 AR, DUBEIX | B IX MG X))
IR X (DO<1 mg/L)% 3] H BL7E (6.97+0.95) . (6.82+
0.28). (7.41+0.58). (7.44+0.86) mm 4k, [XIf[i] 2% 7
AW HBBERE SN (12.49£1.59) . (12.17+
0.09). (15.49+0.79). (14.87+1.27) mm, [Xisf[i] 2% 7
2 (P<0.05), DR 5IHEXABEHRE R EKT

HMEEIXFIBEZRIX, R 5B ES AR E, R
X 55N IX 257308 B3

H,S ZrBFEDIZEIX | DUEEIX | 3 X A NAEIX (32.00+
2.16). (28.30+£0.94). (31.00+0.82). (29.70+1.25) mm
Wbk B e RAE, £ X3 HoS e KU 73 31 R (5.73+
0.04). (4.80+0.08). (3.30+0.19). (3.97+0.38) umol/L,
DXdf ) 22 S B 3, DRI I 3 i O X ek, DX
T ERXMAMANEX, X EES TERKX
(P<0.05).

23 MRMBBEHFE

& XU Y T, DBL JE B K TR B —k AL in
(SWDAEWE 3 FrR. £ X5 DBL JEE 4058
(1.5£0.3), (1.0£0.3), (2.0£0.8), (1.3+0.2) mm, XI5
] 2% 5% A i 3 (P>0.05).

4 AXIFHFE DO 3 HiGE 553 4(24.10+1.89) |
(49.53£10.24) . (26.69+13.13). (24.79+7.95) mmol/(m*-d),
Horr, W@ X DO ¥ HGHE 7 W& & T A X 3%
(P<0.05), HoAh X2 )2 58 B & (LE 4),

AN ) DX TRR P FE S 3 ) T o A B 5 B o 4%
X 38 TR A S 4 FE SR 43 51 4 (0.078+0.013)x 10
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SE v SE-SW  wfimsgive i SW wrfmievk s OF TR AR
Dissolved oxygen Dissolved oxygen Dissolved oxygen Dissolved oxygen
concentration/(mg/L) concentration/(mg/L) concentration/(mg/L) concentration/(mg/L)
01234567 01234567 01234567 01234567
e O E 0 E O g o
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= = 5 £ oW
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Fig.2 Profile distribution of dissolved oxygen concentration, H,S concentration, pH, content of SOC and
median grain size in sediments from different areas

SWI 7R TR

—JKFLH, OPD REBBIRIE,

SWI represents sediment-water interface; OPD represents oxygen penetration depth.
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5 FEZFEAE: 2R 30 T TR /K FU i 7 ik 443 A A A 1 oW S (LRI 101
W AR AR T RE R T RENE
Dissolved oxygen Dissolved oxygen Dissolved oxygen Dissolved oxygen
concentration/(mg/L) concentration/(mg/L) concentration/(mg/L) concentration/(mg/L)
1 23 456 1 2 3 456 1 2 3 4 5 6 1 2 3 4 5 6
2 2r 2 L L
v VY 2 /
L DBLRHE L
- - 1 DBL L
E ! Thic]lzfels‘i%)?DBL DBL E : .DBﬁglﬁ DtsL g Trae B L E ! ,DBQE i D1+3L
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B0 swi B 0 SWI g 0 SWLR 0 SWI
A o) Q ] |
B o -
% g g ! B
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& 3
Fig.3

AN ] DX Sl it SRR B AR D G 2 (DBL) . DU —K S i (SWIANGTAR Py v ) 1) T 7 A

Profile distribution of dissolved oxygen concentration in diffusion boundary layer (DBL) and

sediment-water interface (SWI) in sediment from different areas

BBL £/ R
BBL represents the bottom boundary layer.
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Fig.4 Diffusion flux of oxygen in sediment-water
interface in Sanggou Bay

(0.141£0.024)x107,(0.066+0.010)x10"> . (0.072+0.005)
x107° mg/(em?®-s), Ho, DL X PR FE AR B 5 5
T HAD X 45(P<0.05), HAh X [H] 27 R E,

Oxygen consumption rate
/[1%x107° mg/(cm>s)]

0 0.040.080.12 0.16 0.20

FEA R

Oxygen consumption rate
/[1x107 mg/(cm?s)]
0 0.040.080.120.16 0.20

10 10
0 0
£ op ol
g =
& —20r & 20
A A
B 30} :id -30 +
X S
-40 - —40 -
=50 - SF -50 L SF-SW

K 5

MRYRERMIZME RS

4 ANXBUTRY KA DO P HGE B MU
YIRE AR S EIREE N 7 22 6] O AH Sk L3 2.

& XU —K L DO 7 HGE & ST R
AR E I TEA G 56 R (P<0.05), 5 ULERY 787K DO
BIEMHXKR, SUUEY KA DO B HAAHKKR;
DIBRYIREA RS IR K DO RHAMHKLR;
TR —K LI DO 3 BGHE & U X TR FE AR 5
DBL MR MG R, Hrp, DRI HE
AR GURY K R E AL DO WEE BEMMELR
(P<0.05), D13 X PUAR A AR 5 UTAR YK S 4k DO
e PE BRI 3 TR 6 R (P<0.01),  DL3E X Rl 2K X
DO P i@ FE /K DO B EFEMERXR
(P<0.05), #MfIX DO ¥ #E &5 LK DO A
A i3 (P>0.05).

24

FEE B FEE R
Oxygen consumption rate Oxygen consumption rate
/[1%107° mg/(cm*s)] /[1x107° mg/(cm*s)]
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Fig.5 Profile distribution of oxygen consumption rate in sediment from different areas
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x2 MRYKREABREY HEENTARYREXSHEEFZEHEXRHY
Tab.2 The Pearson correlation coefficients of sediment oxygen consumption rate, diffusion flux of oxygen in
sediment-water interface and environmental factors in different areas
iyt VR g siptmok R IWLRIE
best AT Diftusion Oxyge Overlaying Sediment-water Thickness of
Areas Factors flux of O, consumption water DO interface DO diffusion boundary
rate layer (DBL)
DIRIX WA HoE 1 0.979° 0.705 —0.973 —0.666
SF Diffusion flux of O,
TURUEE % - 1 ~0.545 ~0.999" ~0.885
Oxygen consumption rate
NSEX VA Bom s 1 0.998" 0.999" -0.933 —0.449
SF-SW Diffusion flux of O,
ALY - 1 ~1.000" —0.908" -0.392
Oxygen consumption rate
BRI VARAEY Bom 1 0.984" 0.999" —0.955 —0.788
SW Diffusion flux of O,
VIFRYIFEE R - 1 0.977 —0.888 —0.884
Oxygen consumption rate
AN A BoRE 1 0.980° 0.284 -0.329 —0.182
OF Diffusion flux of O,
VIR A% - 1 —0.467 —0.508 -0.371
Oxygen consumption rate
T R RFEM I (P<0.05),
Note: * represents significant correlation (P<0.05).
UURR WAL 2 R AR B B 58 7 09 e ar B RN R LR i 2 Aid /8, K DO & ik, IR
(principal component analysis, PCA)Z5 S 411E 6 frs o ZER IR NN W KAWL Wt 7/ L SR A AD SR AL 7/ b TR e

M PCA XHEUE AT SE AL T, 235 KMO {4
(Kaiser-Meyer-Olkin) iy 0.516, KT 0.5, FWH %
Y& T PCA. %4 Bartlett BRIEJER S, TIF 7 E
A 137.111 (P<0.01), Z583RM, K2R BHHeHE
W3 FRFFEE R T 1 AR B8R 2 4~ F R4,
ZI Iy L TTERE R 70.23%, FSr 1 EEEAFE SOC
S ABERE . FEK DO YUKLITRY—K A DO,
BT ZETIHRRN 53.86%, FALSY 2 FERMEVIRY—K
S DO il DIBIRE AR R RS R
BT ZE TN 16.37%, S5FE, X NIk
FHEl DO Bl i 5 UTRIFE AR 2 B IEAOCC R
(P<0.05); JLEMWIFESARY SOC RIEMKKFR, Shi
BRANITTRR P A E 4k DO 2 A 5 56 R (P<0.05).
DU R B BIRE S SOC UL AR B A K
Z, SR EEK DO & IEHH XL R (P<0.05).,

3 it
31 SRR IR
AT, DU DO MR e 22 3] 2

RAEBSXT VTR Y LR35 7 A= 52 il (Jergensen et al,
2022; Wieland et al, 2000), 7 IR FE S, S50
W R AN E 2 DO EFEM R ZERA .,
PRI R 32 X388 14 7K Bl 1 25 A 4 7 97 B R it ) 5 ) S
HI S5, 235 XN KSR AR TG, REGRE
XU A MUK & s 2 o Y o A PLsT Y ik
FEAHRE R B IIEIE DO, Hitk, 7RI FEK=FRAIX
Hr, JCHGR RIS T, TS &4 DO PRI
%o WYEARDFIE M SCHRARGE , TR FEEE IR R
HH DR 3 30 R 2 T B N A R B, AR R, AR
B IX. DO FE R BLIE = T AR UEA T IR H 1Y 3 5 X3
(F 3), XFRWIFEFHIEG S KM AP DTRUE X DR
PIFE AR SE RS 01T 5 UL, 2 ORI AR U R i
HEJHA

SRV A5 WA X I TSR O ARG, FE
Hr, DUSIX DLBRSR R AW R 3, D13 DX DA A 05 A g
WIRTE N, WX LIRIRIGH N . RIGIE IR
UURRHE SR AE A BRI 2 1 1 161 P A 14 i 7K
5 LA 3544 K= 3258 XA EL, RIS TR AR
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Fig.6  Principal component analysis (PCA) biplot of environmental factors and
chemical characteristics of sediments from Sanggou Bay
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Tab.3 Comparison of sediment oxygen consumption rates of different areas

Hb A

Area

Oxygen consumption rate/[x 107> mg/(cm’-s)]

Bt AR

Data resource

TR AR

KF-H: N B 42 Pacific Inner shelf (0~10 m)
P BtiZ2 Inner shelf (10~50 m)

S EEZE Outer shelf (50~200 m)

J12 B Aarhus Bay, Denmark
HEEPYLREFE Celtic Sea, England

TR KG 78 Hadal trenches

3 [ AR X KB %2 Oregon shelf, USA
Jie N7 Jiaozhou Bay

KMEIE Dapengao Bay

357575 Sanggou Bay

0.055 6~0.092 6 Jorgensen %(2022)
0.029 6~0.096 3

0.011 1~0.040 7

0.001 1~0.005 8 Lomstein 2§(1992)
0.003 7~0.051 9 Hicks %£(2017)
0.000 5~0.000 6 Glud 5£(2021)
0.015 9~0.046 3 Fuchsman %(2015)
0.061 3~0.076 4 ik 24 4 (2006)
0.143 5~0.494 2 Fr 1 5(2006)

0.089 3~0.183 4 A5 This study

SRS T LURHE DR SR8 BN, It T
AR IR 58 A ARG MR IR A X 5 45 3 DL IR AR AT
o, WOFEFRIE AL 2 R0 DI N K 8l ) 25, R0
o i Y A5 R R RS A AT D S T 6 A ) A PR B
HRME T RO IR AR A R B LSO, NI, KA IR
S IX IR AR S R A . AL Z R, T DL SR A
AR AR AP TR, (HOR B> T I SE IR AH
A RE I, KU LA XL, S G i IR TR
FEERAA LB R, I, R IR XU
Py B FESARAR XL SS o AN 3R IX (O [R) 3R B 30 DL
FRPIAE AR 22 e W R, AR FRFEE 3 A= W DT E
FHEIAS R 2 36 GURR A DL & i R B i, Itk
— DR TR I FE AR

R R ] J TR R A, KA B2 IR DL 2N
] 9 b 22 0] A PG B ) 22 5 R RE S 30T AR iR
M 2S5 AR, DRI K UTER YA HLR % &
e, BT A UURE 5k T #25(Pan et al,
2021), WL, DUZSFRAE X YUY B9 A HLAR & & 2
T HERFRH X PURRIARE AR 5 DR A MUK & 2 52
WEIEMIERR, M, DEIRFEXIEYIN DO
THFEE R, NRXKZ ., HEFETENZE, &
F5E K B, BESSFRAHIX 32 UURIAA LK B 75 1 S
fRTFANEEIX, HRYEAT T 15 25 (2016) %) 38 105 /K ) 11 1)
F5E K B, BESSFRHH X T Ak 1 S 7R V5 T 11 AR 0 3 1)
R, I EAETS I, VA A0 R A B S e
FIAS AR A, R a] DAHEDN , g stad e v = AR Y
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T S5 A W TR TR W T 0 VR Bl a6 BB IX
T T X IR UTAR P (0 A B 7 B B T e X, A
T hnss 7 AME XY DO BINAE. H4h, AREZM
M2, SN X DU g & 48 0 2 i A Lo 5 TR

BRI BLHER R o DU R/ NE 2R 5 ' 4
H WY (Franzo et al, 2014), 582 X TLEYRL AR 45 H)
AL, ANEEIX TR R AR SN, HIt, DIRWIkRii%
KN 25 502 ) — A~ 3 A X DT A Bk &
T EEX A, AMLant, JiERY DO W4
11, 5 )i BT 25 845 5 (Glud, 2008)., DO FETLR Y (k1
BRE SUUBRYRAZRIE H, DO B A S R K
FTURR Y T B (Hicks et al, 2017), L TAMEIX,
NN EB BRI T 2.38 mm, DU X
T 2.70 mm, FEERXHHAMNEX S 0.62 mm, H
TR X LR R A2 I ded v T At X 38, [
M, BERXUIRYEALS & EAIRMFEE, DO
135 B IR IR,

FEVUR AT b, AR SRR IS R EH T
AR, A B e, ik, 7EEROK
ALY L ANAETE , MR DT AR SRS i f
Yo B . SUURY) DO B LLNEE, IR
RS TR ) I RS AE . fER AT, DR
Y1 B BAL YT G40 HoS, I N ITRR ) P9 356 1) i
JEoK AR . R, H,S W EE Y T E B AL R
DO MR E MG, ARBFFEH, HoS M 5 1 X s th
N % DO JHFER AT X 38 . 75 41, T H,S 5 Ak,
HB 2 DO 1431 #6(Kodama et al, 2018), i#E—
AR HE T OB I 3 SR A PR Ak o XU R T AR
O H,S YREE SUTRIFE AR 2 B3 IE A R IR
N, AR, HyS W SUTRY) R B B TR 5
AR R G5 R, DURYA VLR R B T
TURRWY h A A A AR SRS, R A B HLS
EREEW R X, RN TR R A R .
H,S B 43 Ak, 4 A XTI T HoS 7B 1E
£(32.00+2.16) . (28.30+0.94). (31.00+0.82). (29.70+
1.25) mm B E i KM, BiJE 2 FREESES, Hrp, D
XUUERYh , 76 28~36 mm 15 [Fl N H,S M FE T F& i i
Bg, JMRRIAEE K, 7649 36 mm AbAFFih
TP P T RS, HoS WE S pH HE LA,
FZ pH RIHE P FRER S, #5 X pH 435112y
7£(27.00+£0.82) . (25.00+1.41). (28.00+0.81)F1(26.00+
0.47) mm 4bik FRARME . EEALRES T, DI
A LB A AL, THFERIBR/K H B DO B[R] s i 7]
BUKH B HY, X AT REE R 2T DO LUK pH
W f4 32 32 )5 P (Wang et al, 2016), {HAEDTERYH DO

FERUG ., pH UIARIH IR ERELAEE, N pH
IRBNEARME RN B F , X —0 B 5 HoS 5 2IEE )
fERER, X —25 1R, B EURATT HaS M7= A
BRI RE 2 DAY pH R 2 FRAR A LA S [RIE, H,S
FiE TR AR DURR Y pH AR B — 20 TR R,
X AT RE S UL X UURY) pH R AR A R A
WO, 4 pH=8 I}, H,S & nfasE, Wik, H,S
T AT AT pH=8 BYBREEMIVT, W pH 2:Ffi
UV TR B i B AIC, HLS 7€ pH<8 MfE LT
AR, BEL A ML S WAL 7o,
H,S SARTEA WG 2 bl 45 B BOK TR R )2 1L,
IR B3 LK. BT HoS ) A dk, e
0, S EBNARMNRZM LEK T, HS FaiBl
(Jorgensen et al, 2019), XA fig/E H,S R B H I (E X
(] B 1Y S A

Zr L Arak, DUESRAE 7 5 W A TR XU P 1
IR R W, AL Z T, BB X DU
YIRS 355 . Beah, WFSRRM, VIRRYIA L
) & AN TR A P i A2 K (Yang et al, 2018).
biEAPLBAE DU h s AR, DU A A XS
TN 9 (R B, X S AR AL X DT HLS #7 A
FREHCA SR EVERT, W1 B2 E— 20 R LT X TR
YISO SE B RE M o TR AT HoS BAT R sk i 52 1 1Y)
IR (N2 B2, HAERE DRIz e
A B T UURRY H DO 1728 i% (Jergensen et al, 2022),
I, AR AT AR FRAA AR Z oA ST AR P DL ks
DU i B %, DS FRFE R R XU Y O 5
SR

32 ARRXEINE
Nl & 2=

A ZE R WoR , 25 Xz ) EEAKOK RN 25 F
BHKIEGR, DF5da s, —@EmE0~25 C)P ik
(1) T 25 % T AR 4 vh RE 4R B A A 2E VB (Jergensen
etal, 2022), HHIHIAMREN, 20~25 CHaFEHN/ME
JE TR DT RR P 48 S 5 i I AN I 2 RS &2 5%, 2023;
TKZET A, 2006), AW AL R oK, £ X 0E
TF 21.8~23.66 CIo[EI N, 2B, Hik, B2
AN TR) DX 35k b B K 1 7K R 22 57 1T BB S S 45 IX S T AR
FEE A 2R E RN, BRI, FERRINA
MU 2 A i AT h 7K DO vk B A i 4 n sk
DU HIFE S (Meier et al, 2018), X WIEH T 5L
AR, XTI, VIRY—KAE DO ¥l
i Y E R O E K DO MR, (HARIFAE
N, NEFRFEIX DO Y HGERFAEES, NERERKX

KA HABEBEENETESR



%53

FRZEFEAE: R %= 3 1 v TR — /K 5L T 5 ik 420 A RN AR A TOWAZ AR B 52 105

(9 DO 4" Hici i 2% 5 T A DR, i HG A DX s 6]
() DO P Bl #2725 A 2 o WAL R, DI2RIX
DURWI—K BT DO § BlE i -5 H AL PREE 1~ 2 T8 Y
AR B3, 2R X | DB X TURY—K S i DO
Pl RS EEUK DO 2R EIEMCKR, XAl fE
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AL By i sg 4, R T DO dd ad PR Y —K S i

(Rasmussen €t al, 1992), 7£ DBL N, 2Tk
S DO P i 1 (14 K2 TR 7K DO HREE |
DUBRY—K 3 DO ¥ EE LI K DBL JE % , DBL J& i i
i, #Bife DBL W9y HuE St (Jorgensen et al,
2022), ZEH IR, VIEY—IKA LAY DO R E 5T
B E R R B ERAHCKE R, XRIPTIEY N FE
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B APz T A (2012) ST, T DBL 1 DO i
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K, DBL #J5 (Han et al, 2018), #5131 72 2%t
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AW B DU AR A E R, T oksh
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TR i 5 A HLT AR F= 0 (0 NHY 58350 F AL 0 #E
A I, 1AL AT LA E K (Glud,
2008), ik, W@ Y K B DO ¥ HGHE
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Microscale Variationsin the Distribution and Consumption of Oxygen at
the Sediment-Water I nterfacein Sanggou Bay in Summer

KANG Qinzi'?, LIU Yi*, WU Wenguang®, ZHONG Yi%, WANG Xinmeng”, ZHANG Jihong®"

(1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China;
2. Sate Key Laboratory of Mariculture Biobreeding and Sustainable Goods,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract

Integrated multi-trophic aquaculture has attracted widespread attention and is

considered an effective way to purify the water environment and improve the sustainability of

aquaculture. However, the biodeposition produced by large-scale, high-density raft-type shellfish and

seaweed aquaculture activities has been shown to be the main reason for the enrichment of organic

matter in sediments. Organic matter enrichment changes the biogeochemistry of sediment, which is

the main reason for hypoxia in the benthic environment. Especially in the summer, water column

stratification in terms of water and salinity can lead to hypoxia in the benthic environment. Besides,

the hypoxic conditions in sediment promote anaerobic metabolism and sulfate reduction, which

increase the dissolved sulfide concentration in the interstitial water. It was reported that dissolved

oxygen (DO) in the sediment is depleted within a range of a few millimeters to a few centimeters in

surface sediments. The diffusion boundary layer (DBL), which generally varies between a tenth of a

millimeter and a few millimeters above the sediment, greatly influences substance exchange across

the sediment-water interface. Current studies on the environmental effect of aquaculture mainly focus

on the influence of aquaculture activities on the environment, and the influence mechanism of
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aquaculture activities on the sediment microenvironment remains unknown. Therefore, it is necessary
to study the influence of aquaculture activities on the sediment microenvironment and to explore the
influence mechanism of aquaculture activities on the distribution of physical and chemical factors in
the sediment microenvironment.

In this study, microscale variations in the distribution and consumption of oxygen at the
sediment-water interface under high temperature conditions was investigated in the summer of 2022
in Sanggou Bay, a typical integrated multi-trophic aquaculture area in northern China. A
high-resolution microelectrode system was used to investigate the profile distributions of DO,
hydrogen sulfide (H,S), and pH in sediments with a spatial resolution of 1 mm collected from the
shellfish monoculture area (SF), shellfish and seaweed polyculture area (SF-SW), seaweed
monoculture area (SW), and offshore area (OF). The thickness of the DBL of different aquaculture
areas was determined according to the DO distribution at the sediment-water interface and the
inflection point of the profile distribution. Sediment cores were sliced at a thickness of 1 cm and the
profile distribution of sediment organic carbon, the median grain size, and other factors in the surface
sediment in different aquaculture areas were measured. The diffusive oxygen flux at the
water-sediment interface was calculated from the gradient of the DO concentration in the DBL, and
the sediment oxygen consumption rate in different aquaculture areas was calculated from the DO
profile distribution in the sediment.

The results showed that the mean thickness of the DBL in the SF, SF-SW, SW, and OF areas were
(1.5£0.3), (1.0+£0.3), (2.0+0.8), and (1.3+0.2) mm, respectively; there was no significant difference
between different aquaculture areas. The mean sediment oxygen penetration depth (OPD) was
(12.49+1.59), (12.17£0.09), (15.49+0.79), and (14.87+1.27) mm, respectively. The sediment OPDs in
the SF-SW and SF areas were significantly lower than those in the SW and OF areas. The maximum
concentrations of H,S were (5.73+£0.04), (4.80+0.08), (3.30+0.19), and (3.97+0.38) umol/L,
respectively. The mean diffusive oxygen flux in the SF, SF-SW, SW, and OF areas were (24.10+1.89),
(49.53+10.24), (26.69+13.13), and (24.79+7.95) mmol/(mz-d), respectively. The diffusive oxygen
flux in the shellfish and kelp polyculture area was significantly higher than that in other areas. The
diffusive oxygen flux at the sediment-water interface was affected by the DO concentration of the
overlying water and the sediment oxygen consumption rate. The diffusive oxygen flux in the SF area
was influenced by the thickness of the DBL, the DO concentration of the overlying water, and the DO
concentration at the sediment-water interface. The main factor influencing the diffusive oxygen flux
in the SW and SF-SW areas was the DO concentration of the overlying water.

In conclusion, the biodeposition produced by aquaculture activities significantly affects material
cycling in surface sediments, which promotes sediment oxygen consumption and the production of
hydrogen sulfide. The influence of biodeposition produced by shellfish farming on the sediment chemical
characteristics and microprofiles may be stronger than that of kelp debris. The DO concentration of the
water environment is the main reason affecting organic matter mineralization in the sediments of
aquaculture areas. This study also provides scientific and technological support for an in-depth
understanding of the influence of aquaculture on the sediment microenvironment and the benthic carbon
cycle.

Key words Sediment-water interface; Microelectrode; Diffusion flux of oxygen; Organic carbon
mineralization



