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AR, RIVERWETT [ Gl fsiRt, SEATpmklx, WHERYY
LA 0.1%o FR 38 JE 1] T ABUAY, 7K 28 m i ¥ 1
# 36 m™l, ATARR, XHEER R DU R S
FH AR Z R TR | LR K
VS R BT 10 T (B R v R T Al ) O
AR o AHEFE LA T O X 5, Ry
PR UL 0 Horp R R TR h o R A A |
S IMRE AT AT, PR RS R A i
BNR, IR RSB IEFT T PUHARA
FEiE AR E SR B A LR S B2

1 MESIHE

1.1 HEXERMAE

T 2019 4F 4 JI X igh it vh v 5 23 A 3R
JZUURR BEAT I R o HL v i il U R Vi Bl o7
1A, BB INT R 44 (T1~T4), ZE2EEH
B 74 (Q1~Q7); 1 7R At ¥ g sk b 17 4 4
(X1~X4); BHFEEBES 0L 4 4 (Y1~Y4); S va R
TRV IR G A7 4 A (Z1~Z4), SREEE L3 W 1,
it AT SOR e #6322 0T (0~5 cm) i
TIRAE, TR PR IRRRFFE. 2
BEWEIT, LW T RS §i (100 H X
i) J AR TR AE
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N e AXI T
40°00" | T
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1 RETBRIREIA
Fig.1 Surface sediment sampling sites
1.2 Hmath

B HSBSHT FRIER VR TR
PIFEh 0.15 g T 25 mL BEdfrl, fImAE R E N
0.05 mol/L 7~ {5 FR 5 (NaPO,)s i 10 mL,
B 12 h J5 AR B3 HE 10 min, SRATEOEALEE 73

Hri¥ (Mastersizer 3000, # [#) 17T B 4L B 43
Br, tEXTRZE< 2%,
RRFEHORRENET  VIBRYBES
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T AL ] A2 A5 (exchangeable phosphorus, Ex-
P). #/4045 & 75 Wk (Fe and Al oxidation state phos-
phorus, Fe/Al-P). [ % & #% (occluded phosphorus,
Oc-P). JAUA= 4 J& % (detrital phosphorus, De-P), %5
254 751 (calcium-bound phosphorus, Ca-P) Fl14 #L
f# (organic phosphorus, OP), AW 5% 3 i 43 9 = 42
IR R Z VORI 6 FIOE B w17 43 93 B
(K12), TR MEBCPIRZ S, HIBREH W 2 00 2
B b

Al. Fe. Ca RE M % * FHHCI-HNO;-
HF-HCIO, 1R A TH DT IIRE i, R FLEHE 5 45
B TR FE Y (ICP-MS, PEELAN9000, € ) il &
UUBRPIH Al Fe. Ca WIWREE, IfLLEIIEVEDIR
VI35 AbRHE) B (I 8 o B A oA i Sy
GBWO07314) #A7Bi45, i il 5 B 42 34 4% fR ]
Frr st
1.3 BuRSH

{4 F Excel 2013 F1 ArcGis 10.3 Z{F 47 #5 E
AR A AT AR E B 2], IR R SPSS
26.0 BRAE X 28 B2 A 1 R LY BAL 2R S R T
ARSI T -

2 4R

2.1 HEREBEERERIRNE NS

27/ Rite SR ST YT AL TE TS R i T K S LN
WA AE 4~63 um, JREIRP UL ISR Rk
£ T1 B 8 FARRb BT AR ok, oAt sl 7 K3 b 4
YT AR R 25.96%~74.98%, F-HA1{E N
53.40% (& 3), HRIE>63 um A9 400 [ TR
Y, HPr BN 5.42%~68.95%, SEI(E N
33.60%, 1M 0~4 pum [ Fh - R B PT Y & 58
A HT T S HA 5.08%~23.50%, SFH R
13.01%.

22 e ISP RS E
I SRR AL, Fe. Ca S RUNEE 1 FR,
Al & 1 4.57~24.62 mg/g, F ¥ MH F (15.39+
5.89) mg/g; Fe & & N 7.14~27.65 mg/g, VA
4 (18.12+5.70) mg/g; Ca ¥~ 2.74~18.82 mg/g,
SEEIE N (10.33+4.24) mg/g.
2.3 EEH ARSI P E RO WIFIE
I TP S50 (361.06~445.45 mg/kg),
P-4 (408.84+35.17) mg/kg; HUCE R ILFIZ 2 5

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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take 0.3 g sediment sample into 50 mL

0.3 g YURPIRE & 50 mL 2504
centrifuge tube

30 mL 1 mol/L MgCl, S5 S B
v PRI 2 h, 3 500 t/min 50 15 min Ex-P
ijéﬁ oscillation for 2 h, centrifugation at 3 500 r/min for 15 min + +
residue
30 ml CDB —
® B Al
PR HEL 6 h, 3 500 r/min 5> 15 min Oc-P

i

TR oscillation for 6 h, centrifugation at 3 500 r/min for 15 min + +
residue 30 mL 0.1 mol/L NaOH
BRERR B A
7 PR HEHN 18 h, 3 500 r/min B0 15 min Fe/Al-P
residue

oscillation for 18 h, centrifugation at 3 500 r/min for 15 min +
30 mL 1 mol/L NaAc-HAc (pH=4)
PHEE AT
PRIFHEEL 5 h, 3 500 r/min 20> 15 min Ca-P
53%@ oscillation for 5 h, centrifugation at 3 500 r/min for 15 min +
C‘“‘d:]“e 30 mL 1 mol/L HCI

4
T T
PR HLEL 16 h, 3 500 r/min B> 15 min De-P

oscillation for 16 h, centrifugation at 3 500 r/min for 15 min

+

550 °C #3%% 4 h, 30 mL 1 mol/L HCI

5)%@_] burn at 550 °C for 4 h, add 30 mL 1 mol/L HCI 0Lk
residue JRIHARIL 15 h, 3 500 t/min B5 4> 15 min oP

oscillation for 15 h, centrifugation at 3 500 r/min for 15 min

[ Ak ] [E%ﬂﬂ)ﬂ@%]

TP BAP

B2 RRYBESERERRIZE
Fig.2 Flow chart of extraction steps of phosphorus form in sediment

mmm 3+ clay (<4 um) b silt (4~63 um) mmm 407 fine sand (>63 um) —e— “FHJ#i4% average particle size

100 1 20
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Fig. 3 Grain size distribution of surface sediments

WS, 209k 268.53~384.44 mg/kg, F1 (335.64+  79.06%. 71.46%. 84.60% Fll 81.46%, i OP 4 H
48.55)mg/kg F1287.85~425.11 mg/kg, FJ(352.63+ /I EE

45.72) mg/kg (K 4)o 5 D IXIHTA TP 3 21U SRR ZVIRYI ) De-P J& 1P 1y F 2
TeHLE (IP) TERAEAE, 34350 5 TP Y 78.39% . WRAFTEAS, HAAB0510 159.18~224.11, 107.34~
R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn
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Tab. 1

B EEETRYIF AL Fe, Ca R 20T

Parameters of overlying water and distribution of

Al, Fe and Ca in sediments in the central Bohai Sea mg/g

a,%eiaﬂjz stl;fii;/ﬁs Al Fe Ca
FEUER T1 4.57 7.14 274
coast of Tangshan ™ 2462 2765 1333
T3 21.00  24.06 13.25

T4 16.31 19.79 11.95

ZE 5 B Q1 23.43 25.29 10.28
coast of Qinhuangdao @ 24.04 26.50 691
Q3 8.13 9.91 4.64

Q4 14.76 17.16 6.98

Q5 14.83 17.29 7.82

Q6 17.87 19.68 4.40

Q7 2230  24.10 8.78

i 2R bk X1 18.48 20.98 9.50
northeast Bohai Sea X2 14.67 16.08 .02
X3 11.67 13.90 8.20

X4 12.56 13.98 6.18

TR Uk Y1 7.16 10.48 12.15
Bohai Strait Y2 929 1327 1137
Y3 13.52 17.57 16.97

Y4 13.15 17.38 18.82

I 7 R Z1 9.25 13.83 16.42
southwest Bohai Sea 7 10.18 1355 12.29
73 1930  21.64 10.91

74 2292 2555 15.68

& o /%

%

YE:S17

A

K

Uik
percentage of phosphorus forms in sediments
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E Ex-P 74 Fe/Al-P R Oc-P XXJ De-P W Ca-P [EZ2JOP ——TP

245.65. 51.12~125.88. 236.30~335.99 Fl 108.81~
299.32 mg/kg, “F¥50505 TP 1Y 54.01%. 52.12%.
33.33%. 69.41% F1 57.28%., A[RIJEAM IP & &
di TP #) F ¥4 & 43 b A De-P>Oc-P>Fe/Al-P>Ca-
P>Ex-P (& 4),

g rh A R JZ IR Ex-P. Fe/Al-P. Oc-
P. De-P. OP il TP &% & ¥ 33t 15 % 0] SNt
D5 BT R A AR, (e X B L
ZEE . MWEWRENRIER B (T2). B (Q2).
AT Q7). B (Y4) A 4 (Bl 5-a~d. f~h),
1M Ca-P /- A 4%, HVR IR 0 AN 7 10 Je T ) B
Pt (Bl 5-e)o )16 ¥ W Y Ex-P, De-P. Ca-P.
OP. TP ¥R Bk B AR .
24 FiEHEEEITARYIFIEE BAP B

FERERR G A S R G, TR Y E H A2 5
TETE BAP HFRABIFEI" . BAP 16 BERR SR 1EIA it
AR IUTRE OB b KR IE T Lk e 2%
FECR 8™ mT DLE o E AT ORI A
[R]85 86 1) 2% 5 DABA o HOWE 7E 1Y BAP 1Y FFRM,
Hrr iR Ex-P #IA R 4 &) BB K ik rh
Bl IR WA RSOR A, R SR B A Rk
(5 . Fe/Al-P 7EUTFY) A 85 4[] 134 SR A B
Sy R A G B, BAAETER AR, Oc-
P Z AR R S, AT AR OB A 2 5 S

- I - o - - S —1 500
- ‘4 450
5 1| 400
= X
S 1{ 350
2
1300 %
=
{250 g 2
&1 3
§ 1200 4
pig]
\ K 1150
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> > SENEN 2§
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Fig. 4 Distribution of various forms of phosphorus in surface sediments
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Fig. 5 Distribution of various phosphorus concentration in surface sediments

(a) Ex-P, (b) Fe/AL-P, (¢) Oc-P, (d) De-P, (¢) Ca-P, (f) OP.

PR e, SRR, RAUR T Ex-P
5 Fe/Al-P i 5 ) BRI BEE 5. OP BEZERUE

W AR T e Al il 1 46 37E A K AR I A= 4 e
FIHT, I Ry A TE A AR, Ca-
P 5 De-P A5 ¥ i AL iR+, AEA Yl A
WM P DU Y h B AE () BAP £ Ex-P.
Fe/Al-P. Oc-P Fll OP 4 /i
T, I R R Z DI

HETE BAP & 5 4 100.93~185.63 mg/kg, V14K
(150.27+35.54) mg/kg, 5 TP 1Y 44.77%. Z 25

HHE K752 ) sponsored by China Society of Fisheries

TR R B TR e BAP 8 137.88~
212.82 mg/kg, V¥ H (165.54+26.42) mg/kg,
TP 1) 46.94%, )i < AL &8 3 2 2 DT AL
W TE BAP & 2 )y 153.74~183.72 mg/kg, F14 K
(168.75+14.75) mg/kg, i TP [ 64.87%. )i 5
I () ¢ J2 DURR TR T 7E BAP &5 0 99.09~132.27
mg/kg, F ¥ A (115.12+13.88) mg/kg, 5§ TP )
28.16%. 1 VU e U 38 R 2 DR h TS AE
BAP &5 4 99.15~184.46 mg/kg, ¥ h (141.94+
42.56) mg/kg, 5 TP (1) 40.54%.,

https://www.china-fishery.cn
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3 Wi DU De-P 3= 2R I T Bl 5 A KAk

31 EWARESHIHEHENEZR

Ex-P J&: 48 W B £E U4 Uk 2% 181 H. 5 fifk i ¥t
SRR O AT R, R IE TR
V1A T A TR o6 8 A 0 A i 0 I ) P AU AR A A
SRR IR R (] 5-a), TTEEEBS
SO R, AT BB T W TR LA
INHAYIRBYIRRZ ., A X IERZ TR T
Ex-P 5 UL B Ca & & A7 76 &8 3 19 1E #H ¢
(=0.504, P<0.05, % 2), UWWHIIAY Fh Ca & &
BEfS SN Ex-P 2 K43 Af o

Fe/Al-P j:48 5%k . FRALY ol — AT i
LR AL G BT, Fe/Al-P & 5 nl | 3130
(RS Z50iin - S /N YNE 115 v S T < 2
HIZR)ZUTFIH Fe/ALLP K LT R 5 . R IRAY
Foh, HE RS Y B ATRAR (B EA )
FEE X (3, & 5-b), i Fe/Al-P & i )4
10 22 OB RLEE 43 A AR K s e, 3R il F ek
T RS R B AR AR TR ) 25 R 808 Z IR $h 45
G AE Feo AL RS/ A A0 1M,
T PR 2 DU Fe/Al-P 5%+ 20 3 1E
FHX (= 0.554, P<0.01, % 2), #F—LRUI4H
BUTR X T Fe/Al-P (& £ B A F . IR
Y Fe/Al-P 75— BB L g da /m N0 s Xt i
BT s, AR ST o Fe/Al-P A X 3
AT R AT ETRREET (18] 5-b), DB X 380
LRI HE B B T A K L i85 K26
B B E Y, [FEE, Fe/Al-P 5T H
Al (r=0.706, P<0.01, # 2). Fe (r= 0.665, P<
0.01, 3 2) & etk EAMAHG, RIPZXEE
FEUTRYE SR A/ ARk, Rei
W B B 22 TR HE B T i B R L

Oc-P ZFRAE TR FE T, Wk A ALY e A
EROkRMBETT R, BRI IREE 2 R 2
TURR A i 4 Ak 0 Jor <4l 311 A DX 38 g
Oc-P %% [H] 73 A7 B 1A 2 9030 15 i o 328 PR IR 9 4R A
(& 5-¢)o PA XK Oc-P HULFY T Ca Hr i
FEARAH K (r=—0.488, P<0.05, %£2), —fKMiH,
BRI 15 YL P 5 Oc-P & iR IEAHG, T5 ¢
FRRE R AR, LA BT, MRS X Oc-
P 1Y & B 5 Wi VLT (45.3~149.2 mgke)™ . KT
1 M (97.8~620.8 mg/kg)™ AH LXK, PR A it
ISR X 3532 A MR 5 e () R BE HRAIR

https://www.china-fishery.cn

Rk =y E AR B R AT SRS R
YRR, RIZVIEY T De-P 14311 5 Ex-P AH
—5, ST O ANEAR AR (E 5-
a, d), KW De-P & it M oA 552 T i g A (1)
S0, De-P 5 Ex-P (7=0.423, P<0.05, #:2). Ca-P
(r=0.611, P<0.01, £ 2) W B HMKE, £H=
TSR I A AR R . [RIET, De-
P 5 Oc-P % it 2 It 2 7 A ¢ (=-0.719, P<0.01,
#2), 5 Caf B EWEFIEMRK (=0.661, P<
0.01, #2), ULEH De-P & 5431 if 52 R
H Ca & A5

A BB BB AR R Y AR R A AH 4G
A LSS BRI 55 45 G 0 (A A 858 Fnsk B A
i A PR PR BERR A ) 2T Ca-P 1Y
FEORE ., MR X RZDIRY) Ca-P 53 5
Z W REEAZ BAEWIE S sgm, A REAR
IR S (Y1, Y4) LRI T REREHIER A
SRARA X BTl 7 (X3) P (] 5-e), %W
AR AT BE S i A= ) s 1 ) DR 3 B Ca-P % AL
w2 RIZULRY) Ca-P 55 Fe/Al-P (r=—0.548,
P<0.01, #2). Oc-P (=—0.452, P<0.01, % 2)ff
T B3 A oG, R IZ X I Ca-P 5 Fe/Al-P,
Oc-P ] BEfAAEAH B EAL I KR o

P IR Z TR b OP & & 7F TP &
IR ERBUNG], X S5HARMY, KILH (&2
TURRY TP 5 TP 4 56.4%~99.4%)"; B (B2
DU IP (5 TP 1Y 72.11%~92.99%)"7; RN (%
ZEUUEY 1P 5 TP Y 33.10%~77.18%)™; HLifG 1
#l (southern Caspian Sea) (R JZUTFY IP 5 TP A9
85.15%) S50] 1 (W RF ST 45 SR A — B, Hs(E
¥ i BLAE AR AR (B R D) B S (E X (A 2,
Kl 5-n, H5% 208 EIEMX (=0.676, P<
0.01, 3% 2), SHHEEFIEHHE (=0448, P<
0.05, #%2), S54SR EENTAK (r=-0.527,
P<0.01, 3% 2), TR VTR YIXT AL
T R EAA R, WHEAZ IR OP, [FHY,
OP 5 Al (= 0.803, P<0.01, % 2). Fe (=10.789,
P<0.01, #2) iRl BN IEMAX, Rz
XIRRZ VR E & A 2 S A R T
OP WY& 4. W IR HEBOA G T Ak K DA K T
AT TG K GBI ST X B 3R Z DU OP i & it 5
Iy A S s

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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%2 RBARYPAREES BB SHAEEM ST
Tab.2 Correlation analysis between different phosphorus species and environmental parameters in surface sediments
%‘Eyt i}lﬁ/' ﬁfg]ffnd Al Fe Ca Ex-P  Fe/Al-P Oc-P  DeP  Ca-P oP P TP  BAP

fi;t 1.000
i?lf"\ 0.708"  1.000
?rjl?sa“ d —-0.817" —0.985"  1.000
Al 0.899”  0.559” —0.672" 1.000
Fe 0.875"  0.582" —0.685" 0.988" 1.000
Ca 0.147  0456° —0.407 0.142 0269  1.000
Ex-P 0261  0.101 —0.145 0332 0401  0.504" 1.000
Fe/Al-P 0.5547 0294 -0373 0706”7 0.665" —0.344  0.122  1.000
Oc-P 0.163 —0.151  0.084  0.009 -0.066 —483 -0.225 0.130  1.000
De-P -0.069 0207 -0.152 -0.017 0.107 0.6617 0.423" -0.133 —719" 1.000
Ca-P -0.165  0.189 —0.114 —-0.237 —0.139 0.754" 0384 —0.548" —0.452" 0.6117 1.000
oP 0.676" 0448 -0.527" 0.803" 0.789" 0.175 0407 0.5557 -0.090 —0.115 -0.196  1.000
P 0.065 0248 —0218 0.087 0207 0.605" 0.485 0.018 -0478 0.947" 0.536" —0.092  1.000
TP 0216 0347 -0335 0267 0384 06417 05757 0.143 —0496" 0916" 490" 0.133  0.975" 1.000
BAP 0.586" 0.165 -0276 0.570" 0.497° —0378 0.080 0.633" 0.758" —0.622" —0.574" 0.538" —0.381 —0.258 1.000

e AR RN B K001 RN, <o ARAH KA B 27K 10.05 (U)o

Notes: "**" represents the significant correlation level of 0.01 (bilateral); "*" represents significant correlation level of 0.05 (bilateral).

32 BEH

P KSR Z TR BAP SRS 5 s
T8 Ex-P. Fe/Al-P. Oc-P fil OP &4k, H5
B 5 B IEAHE (=0.586, P<0.01, #2), [A
Bf 5 Al (= 0.570, P<0.01, ¥ 2). Fe (= 0.497,
P<0.05, & 2) 7 bt 52 4% b 25 R i 35 0 IE AR G
M T BAP Al 3@ {2 o AW 454 G Ak R i 1
HEA BN, FE— e R U B R £ E YK
T ) R AR, DT (] 4 b 5 i) 1) AR 1
AR AR, AR SR TR L B e AL
Fe & B0 Fizad B0 7 ¥ A 3K, i
E B AT TR DX S8R DL R & R TS ZE 1 BAP
T, R A XN B e AN RE LV R
ZEDUWTRE . BB ARG B v R
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Distribution characteristics of phosphorus speciation and
potential bioavailable phosphorus in surface sediments of the central area of
Bohai Sea

CHEN Ze', TANG lJianye ’, LIU Yonghu’®, CHENG Qian®, ZHANG Shuo "**

(1. College of Marine Science, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China,
3. Dalian Modern Marine Ranching Research Institute, Dalian 116023, China;
4. Joint Laboratory for Monitoring and Conservation of Aquatic Living Resources in the Yangtze Estuary,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Phosphorus is an important biogenic element necessary for the growth and reproduction of marine
phytoplankton, and it is also the basic element of marine primary productivity and food chain. The potential con-
tent of bioavailable phosphorus (BAP) in sediments that can participate in interface exchange depends on the form
of phosphorus in sediments, while there are few studies in the central region of the Bohai Sea. In this study, five
areas in the central Bohai Sea (Tangshan coast, Qinhuangdao coast, northeastern Bohai Sea, Bohai Strait, and
southwestern Bohai Sea) were selected as the research objects. The composition and content of phosphorus in the
sediment samples at 23 sampling points were determined by the hierarchical leaching method, and the potential
BAP content was calculated. The distribution characteristics and influencing factors were analyzed. The results
showed that the inorganic phosphorus (IP) in the surface sediments of the central Bohai Sea was the main form of
total phosphorus (TP) in the surface sediments of the central Bohai Sea. The IP contents in the sediments of Tang-
shan coast, Qinhuangdao coast, northeastern Bohai Sea, Bohai Strait and southwestern Bohai Sea accounted for
78.39%, 79.06%, 71.46%, 84.60% and 81.46% of the TP content, respectively, while the organic phosphorus (OP)
accounted for a small proportion. Detrital phosphorus (De-P) was the main occurrence form of IP, accounting for
54.02%, 52.12%, 33.33%, 69.41% and 57.28% of TP on average, respectively. The content of phosphorus in each
form of IP was in the order of De-P > Oc-P > Fe/Al-P > Ca-P > Ex-P. River input, sediment grain size and sedi-
mentary environment are the main factors affecting the content and distribution of different forms of phosphorus in
surface sediments in the central Bohai Sea. According to the analysis of potential BAP content in sediments, the
potential BAP content in the surface sediments of Tangshan coast, Qinhuangdao coast, northeast Bohai Sea and
southwest Bohai Sea accounted for 44.77%, 46.94%, 64.87% and 40.54% of TP, respectively, which had strong
potential to release phosphorus into water. This study provides a theoretical reference for further study of nutrient
cycling and supplement mechanism in the central Bohai Sea and the upper limit of sediment contribution to phos-

phorus in marine water.
Key words: phosphorus form; surface sediments; Bohai Sea
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