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FRIR LT SRR 45 F(Li et al, 2023; Varma et al, 2024).
TR X Wl 1 O o5 T A 7 Ay L % i K A vl 1)
SRR B AL (Cao et al, 2017). JTERY)IE
Ik B %) W B/ Ao R o R TS S AR B, X R
WA 20 2o 2 A #2 36 2%% 2 % 1 1 A ] (Andrieux-Loyer
etal, 2023), AR 1 X AE Rl 3 -5 5 0 )8R 7K 28
LI, XFUURR YK B B G 00 = AR 2 R,
HE TS e H 8 SR KPR RS 5%, 2023), It
AR 58 AT 11 DX T RE A Xt Tl %) PR RS A7 kg A i 6 30
BT TE Y i a0 TS A i B A R
RS Lo

DU R AR 25 B AN ) 1) b Bk AL 2F 45 1E , J2:
M PTRBY —K A B EEN R —
(Zhang et al, 2022), I EBE(TP), AL ABFEER]
Ay LR b DF Ak DR AN [ TR 2 B Y R O g
(Lin P et al, 2024), Ht, XU HASFEIE S8
W HIERAE 2 FAAE A G 28 32 o . HET, DA SRR I
22 (SEDEX) X UL A v AS [R) 8 A 8 2R 47 70 b AR
FeME, T E S k59 W KA B (BEx-P) . BR 4 A A
(Fe-P). H AWK A1 15 (Ca-P) . ¥ JE W (De-P) S A WL
(OP) (Ruttenberg, 1992; Yang et al, 2016; Rahman et al,
2024), 3 XF T 58 W DR B ) A ) b BR AL 2
W, e RS ] TS DU B S B
H X WA, VIBURRE ARt . BT A
ML A 1045 ) L B R B 0 2 X T R A0 ol W e oy O e
IR R 3R (R 6 5%, 2016; EBT4E, 2019),

VG AR TR T DXCHIR ORI X5 i 10 W A A 5
FRIEAS A 1 A W AH RS o AR TS NS G i) T
i [ 708 o M = R S R 2 i B 2 A a2

VA A TR [ R O B R R SR IR T R RN T 3R 3
M (At aE, 2017), AR, BRI, FIRTIAE N EZ
NIRRT #5708 R ik A B, FE0ZI
VS BB IR T, FLAF7E A 08 BR ) 0 4
(ks 2015), WFoE & PL, REHLARWL . ki KU
PREE S 1 ) 5 R i AV 1 X R 2 DU &8 S
T M EERE, HEA WYL (Yang
etal, 2019; #&FE4E, 2021), {H i Bt = SHESR TR Yok
R 2 B A5 SR R AIE DA R A 5 TR o U AR 0 gl O B 552 i
BT, AL 8 i I B i e DO i T S A8 fb e i R
WAL ML, ASHESE LRI A SE A YT A AT 1 AR
DUBRW A 6], 38 45k W8 B 50 g 27 T B B8 T 2 S sy, 4%
ST VU R B B8 A8 Ak XF TR ) Wl W T ) 52 g, 3%
& SEDEX 7 43 LR 4 W BT 5 AN [ ] 25l 1 A8
b, B BRI B W SR BIL AR, R IR AR [T X
ORI IR R T A BT RS S AL ML B AR A1
1 #MRER=E
1.1 RERBIAGE

2021 4% 7 A X3 R A EZAGN X GPE
YL I AT S5 FAER T A TRRAT 111X A2 3 o7 )itk
TR EE 1), RAE IR REHRDT
FUIRESY, JEXTHREEEERR 1| cm 647432, A KR
i R R ERAE, B AT HEA T R TR AL T8 0 I o
200 Hifi, RTROMEET A SRR E
BOKMHE, 22 0.45 um fLEER) GF/F I8 uE, KM
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Fig.1

Study area and sampling stations in the Maowei Sea
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3 HULE, 2 GF/F JEBGE U851 pH 2 8.0 /5 i1,
WAk I 1K Hr s i LI (DIP) < 0.001 mg/L, LA
PRUEAS S 1 552 50245

12 WM h=LE

FREL(500.0£0.2) mg AIFJE 53 200 H (74 um)iii (1)
— ZRYITIBRYIARES T 100 mL E ZE 8 0 3 55 4
H A3 40 mL H K SR K B B AR TE R PR £h
THRIIEHE N 1.0 mg/L), 1E(Q25+1) CHEIEKBIRG
R DAL 200 r/min 97775, ERTH 25 mL #E4,, DL
B 4 000 r/min B0, LI GE BERR SRR, I
FE TR K BEIR R W B B R T A A o BRAE t
I ) BN AR Qp (mig/g) Hi G BRI 98 35 e 250
ARE, LA 2 15 30 1 il 02 B T 5 B[] o A 34 B 2 4
SEATRE, AR IE R 25 <5% o

1.3 ZiRWRMEE

PRI BT Je it 200 H (74 pm)iii 9 — R FIUTH
PIFE4(500.040.2) mg T 100 mL EZEJE [ 35 4B
R, A 40 mL Hy R AR K B B AR HERE PR ER
W, HAERHE 20 0.01, 0.02, 0.05, 0.1, 0.2,
0.5. 1.0, 2.0, 3.0, 4.0 mg/L, 7E(25+1) CIHIE/KE
PR e P LU 200 r/min 3777 24 h, J5 20 E 5 0%
R 2l 2 S AR ], 2 6 45 IR 2 Pl DT RR A e %) I B/
I SR A T o 3 T A I R S B R A T AL
TIOR8 WL BT/ i W P-4 Jo 1 v B2 (EPC) . ARl
KBRS EPCo X, WU 78 4 1) <5
WS FEIIE 2 HPATHE, ARTRE R 25<5% o

14 HNEZW

FREOE 2515 40 H (420 pm). 60 H (250 pm).
100 H (150 pm) A1 200 H (74 um)fifi i — R 51 TP RE
i R AT A BT B S o R SR B EBOTAT RS, AT AR
TR 22 <5%.

1.5 HEHI

43 8 FH A T 0 1A 3B R R AR IS 1 K 8K i UK
(NSW)LLE T Milli-Q 7K -5 BAb J5 1 KSR g 7K e (A AR
FERRE 1/4 BYRIRIE K (1/4 NSWHVE R WA 5, 3%
7 pH A 8.00£0.03, AT IR B SC K . FF i 35 HOF-
FIRE, AR HRER 25 <5% o

1.6 MARMBER SRR

SR FE 0 W B} 2 2 S 36 W 95 1T i O DURRIRE &
T8 3 B R ) SEDEX J7 12 X5 Wi W B i IS DU R R
1 Ex-P. Fe-P. Ca-P. De-P fll OP & k{144

M, FIXHARUER 220000 1.0%. 2.4%. 3.7%. 1.5%
1 2.8% (Yang et al, 2016), & i)5 i) SEDEX J7i%
FHE B BE ST TE B Xt Fe-P #EATIGE , DAsRe o by ies
PR £k —3% — VB R £k — ik iR & £k (CDB) X 77 X 4 ik £k
AR TG, [y T kR 5 SEDEX Jrik
LI OP & & ] BEWLAIL AL (Ruttenberg, 1992), OP Hi#
ARECE I E K TP N JCHLEE (IP) 7 i i 22 (H 3R 15
(Slomp et al, 1996). it 1143 B 32 I 44 BV 7Y
WERRERUR L, DU A & 1 LT (umol/g) R .

1.7 #HIEAIE

fdi 1 Excel 2019 1 Origin 2024 {42 i W jit 3
T2 MR AE R 2R, X BRI T T iU A .
{#i | Ocean Data View 4 B4 7E4T b A7 B B9 2 il Ab 3
1] SPSS 26 FEATHI S4BT 45

2 GRS

2.1 WMzhH=

AL 36 32 J2 UURR P % Wi 1 W B 2 g 2 il 2 T
K2, Sl S DUER Wik 51y ) 2 W B 2k 7 B dd 3 ohy R
WL, TE 0~6 h Xy W At , 12 h 5 e Ffh e )L
AN B (8 36T 38, 3 vT B8 2 R OB A 7 A
O30 A R vl R R T A R A R A
2023), I7E G W 72 v e o WS S g ash ik, Oz R
SRR, M IA g URR B %o B 1) 2 B 2 38 3 IR 25
(FERAE, 2020)0 R T BARAS [R]85 07 TR 4 X B 114
W B 3k 28] 70 A, S ST S DB E A 24 ho

0.025

0.020 |-

0.015 |

Q/(mg/g)

0.010 -

0.005 |-

0 10 20 30 40 50
Bf1A] #/h

B2 AL SRR B 1 W B 2l 2 it 2
(h 2 R there — Be—2 gl Jy 2 05 Bt i £0)
Fig.2 Kinetic curve of phosphorus adsorption from

sediment at station A1 (The curve is the fast and slow
two-stage first level kinetic equation fitting curve)
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AT R IS — B — 23l 1 I R (D) (R AESE
85,2016, EBUEE, 2019)%F 8l J) 2 M 45 R AT 05
GiORWE 1,

Q =-Q.F exp(=kit) - Q,F, exp(—k,t) + Q, (D
Kb, Q AA[RIR T I [A] t(h) B 200 X6F 1 iy W i
(mg/g); Q. A TTFRY) Xl 1) V-4 W ¥ 42 (mg/g) s oM
PR BOE B B T ot 0 S5 438 5 SRy T B Y B T
o7 AT AR5 Ky PRI R B () ko AR
BF R AL(h )5t ARG ] (h)

WRIE A B R R r*, BE35 Q. 5F
75 2 o P18 S 35 Qe ) 23T, 98 BT AR 0 X6} 1l 11 WL
B 2h g 2fad R nT R be B — sl o AR AT
AR TEPRE R, SRR B B AR, B
MU R K, Bl 0T iR B2 p 38 m, iR
Y2 16 W B TP B, B OB A A )
WM AR, SEBENWMHREAE Fk, XE&H
TAE DR 5% Wl 190 DR W o oo 2 rp DAY A AR 0 o
(R BRI AR T (E R4, 2019),

F 1 ALSGGCAR Y 38R0 W B 3h h F & S8

Tab.l Adsorption kinetic fitting parameters of phosphorus onto the sediments at site Al
e — Bt —2 3l J12#J7 12 Fast and slow two-stage first-order kinetic equation Quo/(mele)
F, F) k/h! ky/h! Q./(mg/g) r2 oo
0.512 0.485 178.401 1.431 0.024 0.992 0.023

22 WM AZE

AHFFER A Langmuir 58 LRI (2) (R AHELSE,
2016)%F AT Fl A2 P 57 A [] R B T RR L e A T
MR AT I (8] 3), BRGS0k 2 s

Q - QnKy (G, —EPCy) 2)

(1+ K, C,)(1+K EPC,)

Ko, Qe MUTHX B 1 W it i (mg/g); Qum FTTAH

WX Wl 1) e R BRI W B 25 1 (mg/g) ;s Ko A Langmuir

W B B (L/mg) 5 C. Ay W B ol 2 A 8 8~ A ot ot ¥k

B (mg/L); EPCo A YTy X i (1) W52 B/ figt 8 - iy e
(mg/L),

JR A AU b T 9l e B (NAP, mg/L)
WLARG)RHEESE, 2016):

_ QuKLEPC,
~ 1+K_EPC,
A3 AT, HBERR R EE AR T 0.05 mg/L Z&1F

NAP 3)

020+ = O~lcm
ar

L cm
0.15 vea o
¢ 8~9 cm
<10~11 cm

010}
20 12~13 cm

g/

2005

2./

0o+
—0.05F

-0.10 Al

0 )
CJ/(mg/L)

T, 2 AU SRR B DT A 34 S B e B 4
DR T YA T RIRDUBD P () NAP YK T
EPC, i}, TURH v 13 3840 B i 25 A= 9 R 179
BT R, SBOK R E B IR A — 25 0 R G A AR
2023),

R FRW, DURRYIA R K S BE(NAP) & i 5 H
DUR W T2 25 Hp 1 0T A8 8 25/ 55 W A5 (Bx-P) & &
SRR B E FR (Cao et al, 2017), DL A1 35072200
B AH), Langmuir 38 CRIBLRILG A5 1) NAP &
Bl 0.015 mg/g (£ 2), JIHWH Ex-P &K
0.013 mg/g, R HZEBEMITN LR, FRE
T FZ A O X RZVORY H Ex-P S REUEEAN
0.008~0.078 mg/g (FRFEEF, 2021), @it Al Fl A2 ¥k
DA [ TR BE DRy 6 il i L& S8 B (36 2)mT AT
AF TR 585 57 AN TR % 2 110 0 R 40 o) e ) W o 8 ) 2 B —
FEMZE S . HEAl, Qu S TR Xl Tl 1 iz 4 il
SEUURR YW i 25 1) T 2 bR A (Bai et al, 2017). AR5

s 0~1 cm <
025F e 2~3¢cm Y
4 4~5cm
rv6~7cm

¢ 8~9cm
5 0151 4 10~11 cm
oy 12~13 cm

. (A2
3 4

0 1 2
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B3 A1 T A2 Sl AS [R] R BE TR A B 1) W8 FFF 455 28 (268 Langmuir 32 U B 46 1R =S40 A #h 26)
Fig.3 Phosphorus isothermal adsorption curves of different depths in core sediments at sites A1 and A2
(line: Langmuir crossover model fitting)
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Tab.2 Adsorption fitting parameters for phosphorus at different depths in core sediments at sites A1 and A2

pRT VA TR Langmuir 38 X B [t 2 75 7 Langmuir cross-type adsorption isotherms
Site Depth/cm Qu/(mg/g) K./(L/mg) EPC,/(mg/L) NAP/(mg/g) 2
Al 1 0.061 1.984 0.169 0.015 0.993
3 0.085 0.536 0.357 0.014 0.991
5 0.094 0.308 0.483 0.012 0.991
7 0.076 0.390 0.440 0.011 0.994
9 0.101 0.164 0.795 0.012 0.991
11 0.092 0.167 0.778 0.011 0.991
13 0.104 0.135 0.798 0.010 0.991
A2 1 0.099 0.675 0.168 0.010 0.992
3 0.096 0.502 0.131 0.006 0.995
5 0.097 0.256 0.098 0.002 0.995
7 0.102 0.263 0.102 0.003 0.996
9 0.110 0.265 0.131 0.003 0.996
11 0.089 0.318 0.050 0.001 0.994
13 0.101 0.243 0.105 0.003 0.998

TR ) v ol 1 W B 225 7P P AT 5 %) TR B 3 6T ) A 3
PSRN R AR b3 (DREREE ARSI, Q,, &
AAREFFARAE, W A2 Ui QBEBE R, Qu i
RS BT, I AL s, HENX AT AR 5 R RN EE T
Y B B WA A G (EBLSE, 2019).

HE 4 0L, AR S#ENAP)TE Al Fil A2
vl 7 DU 2 )2 B 5 PR X A v ) A b, B TR P 1Y
IR YIRS N i A f R R
T UUR YA VLB AR fb i 72 vh o] A DLk (OP) &
it R 5 i JCAILBR (DIP), 7RV BE A BEVE TR b s Wk 2
() B K A B R 1) IR B K HGERS, 2 5
WA FE PR 12 2 (Yang et al, 2017; Lin Z et al, 2024),
X A3l LA AT 22 48 285 T8 S O RR Py W BfE 2 i ko 3R
JZ NAP & & 87 £ TR (CE L SE, 2019), ILAk, T
I S & 32 A AR E IR 2 & 1278
oAb, OB AE S0 BCa AR R DR A 5 B T 2 A
HLT AL B A T30 SRS, OB h 5 8k Ak P Bk
AR S A W2 PR R AR I i s A B0 1) R i
(Lin P et al, 2024), {HRfERE A —L80m, i
FEB A R D85S, X AT REZ T Fe-P REIAE )1 A8 %%
HETT B0 NAP Bl TR B 3 i 36 9k (Yang et al, 2016;
EAEE, 2019), /R, NAP 5 EPC, 2 [alf77E M
B IEAH G OC R (R3S, 2008), ASHIFSY A R TL
AR X A2 37 UURRFE NAP 5 EPC, &2 i 3% 1E A1
X(r=0.875, P<0.01), H.& & NAP £JZEB EPC,
R A 5, R WA AT T DR I g XU R
(XI5, 2002), HER 2 AJHl, FRJZ EPCoWKEE Al 3k

£47(0.169 mg/L)FI A2 %i{i7(0.168 mg/L)¥] .3 = T4
N B K W HEE (A1 37 : 0.047 mg/L; A2 ¥k
fi7: 0.085 mg/L), FIIZ AN O X ELJZITHY 7Y
BRRAIERT, X5 5% 2023) R 45t —3.
WH K 5WRTEE T % A S (EREE, 2019), 2 4 ik
P Ky FEERBE S T RS, RUTRYTE R 2 Bt
0 %) WO o i v TR 2 B

2.3 TUARY R X 85 R BT B S0

P A AN [ s 428 B4 DT AR ) v 25 T R e 28 T
Al F A2 AUl 28 )2 DUR B B (%) 2 B 25 1 (Q.)
IS HH 200 H>100 H>60 H>40 H (& 5), FIP
B RIAR RGN, R RS, I Bl R 1 47 a5
%, RePEALmE i I B i K (Wang et al, 2006; Fan
etal, 2013), AU AT UL, A [R5 i OB R A2 )N
AELRT IO 158 P A A A

WAk, FE DU B A L RER 5, B I
AL F i AR DR ) W Bl 10 2ok R v R 4 A A Y
L H4E FH (Wang et al, 2006; Jalali et al, 2013), 5%
W7, ANURLY) (B AU ) e O ) T Y
WeRfE, Rz, AR (R A e, ORI TR
A A o (P R A A%, 2023) FHIEL 6 T UL, A2 wifitfk
FEUTRL Y RL BE LUK i A0 Ri ) o 32, & B A
58.9%~79.6% 1], HIEMSMYE Qn HARKFAL
(0 4), FUAANPUR YY) 3= TR 00 25 B AL RRE . AL S 7
FRRFEDURRLE LIeb R £, H TOC & 3 B /A
SRR R RZ ZIR)Z B EEE 6), H Qn
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Fig.4 Vertical distributions of P maximum sorption capacity(Qy,), native adsorbed P (NAP), equilibrium P concentration (EPCy),
and Langmuir adsorption coefficient (K ) in core sediments at sites A1 and A2
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SRR BTG, nTRE— Ty T TR S S R

AL R i 5 2 2 DR 1Y B (Yang et al,
2017) o3 — 7 Bl A VR BE RGN, A3 BT R A A s

e S8k . T8 B AILICHLE A A 04 65 5 Jo 0 o 22k
%ﬂfh%mﬁa, T 3 5 6k W 1 W B (Wang et al,
2011), [FES, AHLEE ] R H S BT &

Isothermal adsorption lines of phosphorus in sediments with different grain sizes

AT L A A 18 0T Bl 10 Wz B GRX VBB 45, 2014
2.4 £ R R Rl I B Y 2 i
WFFE N, £ A A 0T IV b K I 3R 1 v 1L
TR 1l %) W8 o 2 7= A= T 252 i (Sundareshwar et al,
1999; o EfHSE, 2023), AW EERENSW) Y
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Fig.6 Contents of grain size and total organic carbon at
different depths in core sediments at sites A1 and A2

fRERFE(1/4 NSWHXT AT Sl Al A2 b4 AERAEE H (1)
R ZUTRXTBE W B AR L, DARRTE R AR 1L
ST B ORI, S5 AN 7 BTaR . BEEREEAYIEK,
AL FI A2 Sl AR v 2% J2 R J2 TO R Al 11 AL A
R AR L, 3k 5 7E TR R AR IR i 4R A B R TR
YR 5E 45 A — B (LA, 2019) KA T CL
CO3 . SO %5 BB 12 hit 2t £h 8 6 184 K 388

POL 5 H = A W B 5 4, SRR X 1 14 W% B E
WS (AR DE A%, 1999; ZAHEE, 2009), KL, FhAEH

i A13JZ Al Surface
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TARF DU B A W B, 6 8 AR A Bl e DU AR
Y1 R . P TIN5 R B AP A
W, P, PR 3B AR 1 X 20 R 2K Y
SR I 2, A AE AR R AR VI TE 1.45~13.36 Z (0] (i
A5, 2012), AR M AR O X ) £h B BEAS 0 E DT
TR (0 WA B, 3K 7 — 8 R L X X K R
B BATHEER.

W Bt BT = T AR A B L 7S

F 8 I I, A1 Al A2 4% 322 DURR W W B il s
Ca-P. De-P #1 OP & &7Z2{LAR /N, HLL Ca-P JyFE
B AFETEIE . Ca-P EZORIET HAERE KA . BRIRER
A S A B ST W) (Ruttenberg, 1992), Hibk
JOT 38 H AR E , AN Ty WUTRR ) v i i Bkt >k (Saha
etal, 2023), De-P FEk H Tl A A XL E ™)
FE PR JE (Ruttenberg, 1992), F&F HAEDUFY A
R AR E B 20k ARG, nI/E N8R KT 8
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Fig.7 Phosphorus adsorption isotherms on sediments at sites A1 and A2 from different salinity
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Abstract

In recent decades, eutrophication, harmful algal blooms, and seasonal hypoxia in the bottom

water have been frequently reported in Chinese coastal waters owing to excessive human-induced nutrient

input. Phosphorus (P) is an essential biogenic element for marine phytoplankton and is important in

eutrophication and harmful algal blooms of the estuarine and marine ecosystems. Sediment has a

buffering effect on the P concentration in the overlying water and is an important P source for sustaining

pelagic primary production. In addition, the cycling and release of P in sediments play a notable role in

maintaining the water trophic status. The biogeochemical cycle of P in sediments is a key topic in marine
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science worldwide. Understanding the adsorption and desorption behaviors of P in sediments is necessary
to comprehend P cycling and assess its potential release risk in estuarine and coastal environments.

Maowei Sea is a typical tropical bay with high density oyster aquaculture where industrialization and
urbanization have synchronously altered the natural ecosystem structure and marine ecological
environments in northern Beibu Gulf. It is part of the Silk Road Economic Belt and the 21st-Century
Maritime Silk Road, which have become an important part of the national developmental strategy of
China. Human activities have affected the Maowei Sea’s ecological environment, particularly in the main
estuaries of the Maowei Sea. Consequently, the average N/P molar ratios are much higher than the
Redfield ratio of 16 : 1. P has become the limiting element for phytoplankton growth in the study area.
The adsorption and desorption of P in sediments play an important role in the dynamic cycling of P in
aquatic ecosystems. However, compared to other coastal and estuarine regions worldwide, geochemical
information about P adsorption behavior characteristics in surface and core sediments in the main
estuaries of the Maowei Sea has been largely ignored.

The sediment acts as the “sink” or “source” of P in water through the behaviors of P
adsorption/desorption, which has a significant impact on marine primary productivity and water
eutrophication. However, the characteristics of the P adsorption behavior of core sediments in the
estuaries of the subtropical bay remain unclear. The core sediments of the two main estuarine regions in
the Maowei Sea were analyzed to examine the effects of different sediment particle sizes and salinity on
sedimentary P adsorption behavior through adsorption kinetics and isothermal adsorption experiments. P
speciation in the sediments before and after adsorption experiments was quantified using the improved
sequential extraction (SEDEX) method, and the P adsorption mechanisms in sediments were explored.
The results showed that the adsorption kinetics of P in sediments could be described by a fast and slow
two-stage first-order kinetic equation, and the adsorption isotherms fitted the modified
Langmuir-crossover model. The adsorption capacity of P in the sediments at different depths of the same
station was relatively different, and the desorption behavior existed on both sites when the initial P
concentration was low. Sediments with smaller particle sizes had a high adsorption capacity for P. The
increase in salinity reduced the adsorption capacity of P in sediments, indicating that low salinity
facilitated P adsorption in sediments. Exchangeable P (Ex-P) and iron-bound P (Fe-P) contents increased
significantly in sediments after adsorption. The adsorption processes of P in sediments included physical
and chemical adsorptions, with physical adsorption being the main process. The results may provide
valuable information for further research on the P biogeochemical cycle and ecological effect, as well as
contribute to the development of the beautiful bay construction and sustainable growth of the marine
economy.
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