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Distribution Characteristics of Phosphorus Forms in Surface Sediments of the

Shantou Bay in China

ZHAO Jian-gang, QIAO Yong-min

(College of Life Science and Technology, Jinan University, Guangzhou 510632, China)

Abstract: In order to know the horizontal distribution and seasonal variation characteristics of phosphorus species in surface sediment,
the contents of different phosphorus species in the surface sediment sampling from Shantou Bay were determined by using the SMT
sequential extraction method in September and November, 2008, and June, 2009. The contents of different phosphorus species
basically showed an order of the low-water period, normal-water period and high-water period from high to low, and horizontal
distributions of phosphorus species showed a decrease trend as waves from the inner bay to the outer bay with the maximum appeared in
Niutianyang. The main form of total phosphorus in sediment was inorganic phosphorus, which accounted for 94. 06% , and the content
of Ca-P was the highest in all inorganic phosphorus of the surface sediment in Shantou Bay, comprising 70. 21% , followed by Ads-P,
Fe-P and De-P. The correlation analysis among different phosphorus forms suggested that they had similar sources and they were
affected by surface runoff and seasonal variation. OP, Fe-P and Ads-P were bioavailable phosphorus, which were controlled by sources
and water oxidation-reduction potential; while Ca-P and De-P were mainly influenced by biological processes and geological
characteristics.
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Fig. 1 Sampling stations in the Shantou Bay
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I3 HT. BFANI% FH YSI-6600 ( YSI, 35 [ ) il & K i
pH A AR B B AT Chl-a 55,

1.2 5tk

1.2.1 AR5 b

FREUGE B 7 J5 R S 7E 50°C 2040 T HET 5
JAE 520 20% () (NaPO, ) o K, FiE 16 h DL L,
PLRE T K oy Al L LRk 63 wm (2D R
JEI FRE T 50°C 5 N ST S RO A, B A5
DU P R 20 2 21 ) 2 B
1.2.2 AL E e

FRIUGE 5 KT J5 B AE T 550°C 451 M 2ke 5
h. RBERI G 1) 5 & 22 R A Je B BLE T &, AR AR
T AEMETT R HLUTT & 0 s g
1.2.3  AFEJERBHERCS M E

SMEE(TP) TCHLEE (1IP) A HLEE (OP) . F 4T
K (Mettler Toledo AB204-N Fij+) #EFHFREL 1. 00
g DURBRWIRES 2 £, W Hp 1 7E 500°C 5540 T K4k
2 h. SRJ5LL 0.5 mol-L™" H,S0, 435I%t 2 ke
B 16 h, JRALKFE 5 i 3R A5 B (TP) &, RIK AL AR
i PRI TOALEE (TP) & 1, DL 5 OB 1) 22 1
PAFAPBE(OP) & i

BERITE A ERR PRI 0. 20 g DLARMIARE S, BT
50 mL B0 H, DL A R B LB S
@;[1446]'

(1) W] A2 50 (Ads-P) 1A B0 A 1
mol - L.™" MgCl, 7 (pH 4 8.00)25 mL, 7E k% #%
ISR G2 h, 285 A4 000 remin ' B0 20
min 875 _FIE W, B 25 mL MgCl, %l 25
mL B F KPR 2 b, A FIFWAI, DU T
T2

(2) B4 5 B0 (Fe-P) 1 E— L4 BUS BT
A 25 mL 746 R 4432 VA T -k TR
WRA W (pH R 7.60) , RHIEIL 6 h, B0 345 F
TS , KU 25 mL MgCl, IE % A1 25 mL 2225
TFARIEIC2 h, BIF 3 WEO A L3 WA, i
YT T8

(3) HAESS 455 W (Ca-P) 76 E— B3 BUG I
PRI IMA 1 mol-L ™" ) NaAC-HAC 2 Wik ( pH
F4.00) , JRFGEE6 h, B0 B LR, L 25
mL MgCL ¥ 1 25 mL 258 F/KARKREEEL 2 h, &9
3WEOAEMN LERAN, R HT T 2
FEHL.
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(4) B (De-P) 7E F— L4 EUS AU
H 1 mol-L™" Y HCI ¥ 30 mL, #R3% 42 HL 16 h,
B ARSI AR

AR B D) 7 [ BRAN + LUEBBE 7 &) f4
AA3 LGB Hr G T E .

1.2.4 HEabeg

L) SPSS 11. 5 Fil Origin 6. 0 #4788+ 20 M A

T

2 HRE5H

2.1 JIRWIEWE APUBEFIICHLBER) & B 58

sk 75 22 DU Y B S B R AR BN
502.78 ~ 172.14 mg-kg™', ¥ ¥ & & A 288.40
mg-kg ™", 5 PR ZH08 A A T EARKF (3R
1) 75210 22 Ak 1 3 B 9 Al 2K 30 /0 SF- 7K 35 25 e AR
4R TR R R AL A S A E B
5.21~39.13 mg-kg ', FHME N 17. 13 mg-kg ', 24

NERITITHY 171017 8 A T30k, 7 Z 1548
b EAN AR AR T K0, (0 35 B0 AR T K
W15 AR S ORI F B AR, &
B0 B N 162.05 ~ 463.65 mg-kg ', F ¥ K
271.28 mg-kg ™", 5 PV F AT, AU T g VDR
S O A e AR S MR SR
— B, R AR A 5K A A, 3T
FOK I AR B (A K s 20K, 0 = 2,605, P <
0.05; F/k: Foki, 0 =3.496, P <0.05); Al
WA T A B SR AT S AN AE A 7K T AR TP 7K 30
O, AR AT AWl i AEAS TR) B 30 10 28 AR AIE 5 8
B S TCATL A ) AR B, FRIA A K S 2 T 7K M, T
BEWER A E T HEKE. o nl e Fek
L5 AWEAEAT K 5 K A 073 & i 2402 K
(4 2 A%, 55 1 YA L, T SR e A A A AR A
ZEG WO R TR AKOF AU T ST A
PRI S R SR X

®1 UWkZEEENEENOMETHRY BN ELEE /mg-kg ™!

Table 1  Comparisons concentrations of phosphorus in the sediment of some coast and Shantou Bay/mg-kg~

5% X35, g op P Ads-P Fe-P Ca-P De-P ik
LTS CFKIH) 310.75 19.59 291.17 48. 68 30. 39 198. 61 13.49 A
NIBSEAE e ) 311. 09 15.52 295. 57 42.26 37.20 201. 88 14.23 LN
k¥ (FEoKk ) 243.37 16.27 227.09 24.41 18.93 170. 92 12.83 LN
k7 448 ) 288. 40 17.13 271.28 38. 45 28. 84 190. 47 13.53 RIS
PR 341. 87 51.05 290. 81 19.71 27.35 92.93 127.70 (1]
EStapi) 443.59 118. 94 324. 65 43.95 20.94 200. 26 59.51 [7]
TRIT. 501.31 167. 54 333.77 79.7 30. 46 222. 64 [17]
i 315.34 90. 35 224.98 [18]
FHARTE 526 103. 1 53.1 33.6 252.3 84 [19]
Rt 595.19 148. 17 6.19 42.19 10. 17 351.18 [20]
LS FRGE X 1189.93 227.03 247.26 [21]
R 560 209 338 77 253 [22]

SV B A T A W I A A R S R AR LA
2. HRT RN, R B A s AR R R, ot
(502. 78 mg-kg ") H A K WA Tl Sk v 40 FH
T 3 S, BRARME (172. 14 mg-kg ™) HIAE
] — Y Sk X B 7 5 35407, J5 & 2N T Y
/3. AR B AE 25 ) A b R BAIN Sk T8 3R 25T
R T R i bR T PN BT A0 2 I bR el ke e, B
T PN A5 St A R TV AN il S VB PR TS AR
FE R R AR KA Sl 9 2 1) 43 A 5 oK
AR — 5 H AR K SRR Y B e (A BRAE 4
(4 S, 411.36 mg-kg "), E AR AE U B2 2 75 41
MLIE R 12 S2507(200. 53 mg-kg ™). A4S oh 5 M
() AR E K I A 3 a5 (1, 2 F1 3 S0k
BN B0 T KA, B ko), AR R

O 20. 75% . S o3 AT KA X 5] B REVETE oK IR
AT B R, 3 5 L R o (344, 11
mg-kg ™) AR 13 S AR (176. 35 mg-kg ™)
()2 135, 728 5 BB 18.98% . M\ 4% il i o 1 5k
B, TR SR i KT RS A AT K
I (7 T8 S ERAN ), 2 WM SR A I U Y
XL IR B & i SO S AR A R
()52 ).

TCHLBE I B TS, P EEA N
SR 94. 06% . LB 1 B 25 oA SR AR 1R TC ML
SPARREER . EARDESE T, P A T
A H e v B RN B A A o B0 A 3 7t AR TRD. HL 4%
il L TCHLIE 7 S LU R ) D s T
B, ARETT ) 1 S0 MR T 4 S50l {7
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FUHT HEW O 8 13 5w A7, 40 9 8 ik 95.32% |
94. 77% F1195. 19% , & WA 3t 4 A 23l 3k V5 TC AL
(W EZORIRZ —. BRI EE 1 N R RIS
7R F R T B 22 R (LS R ARk, R
AL Ay Ml AR T s AR X 55 B A 7K S A A TS AL
iR i RTA=rim B o N [ NN ST A% Al e = i
BUBE V7K A 19 25 (0] 0 A 22 A R, 2 S RACH
33.20% , 1A 7K B A1 == 7K BA B A9 4 A UL AR 3457
A S R A 21, 60% F1 18, 99% |, —E R E I
ST AT LS K SR X AR A T RS YR T R
)52 ).

A LR S BT A7 08 E BN 7 2. 44 % ~
11.17% zZ [8) , SE{E M 5. 94% . A HLIE 5 B
FEAEANF AR B 22 5, R B 0K > K
W1 > Aok, 5 bR AR T A B ROE B DG R Rk
TAME R TR A L S s e (H AL
I E] SR, W B R Pk = K > A
IR XA R SR T A MLBE R 2.
TCHLBEAH L, A LB & 1 0 A 10 25 ) 25 S e K, Hode
KA IR K 3 50667 (39. 13 mg-kg ™) , B
AR BRZE KA 4 S 3507 (5. 21 mg-kg "), B
HRNEHEN T R, BA A PLEE & & 125 )
5 5 AV B T IO IR AN B T A AL
W A R Ak, o S i T A AL X Il Sk v PR B AR
AT BLURYE. (BN SR 00 A FORE A LIS Sk
FITCATURS 1 B A4 5317 B AH L.
2.2 THUEASEEN &5k

kS 2R JZ TR h 25 8 28 0l 1 Bk 25 43 A1 UL IR
2, AT 5 TCALBE Y BT 3 B I 3. AT
ToHLwh h 2T & i 22 R K, Ho DL A A4
GG BRI 5 0 LB, 2B A BE S BEIUT AR -
PREEGAWE > VAR > RSB >
Ak

(1) ] 524 250 ( Ads-P)

Wk V5 DR vh AT A e A W Y AR LR
1.47 ~131.95 mg-kg ™', F¥I{E N 38.45 mg-kg ™',
i TCHLBE B B 43 B 0.91% ~33.56% ,F-21 K
14. 17 % . J5 5 5 [ Py 8 il A LAk T 88 5 K
S WA T LAIRE = 35 58k AR AR AT Se s
Tl 5 e ) e KM M B S AR ) 2 FH R K ) 2 5
A7, SR I 0 HF B A 7K 0 T A Ak Y 13 5
A7, FEEVAR DA RHIE S TCAUBE AR L, 23R F &
SN VBN TS SN ST G S FFAEAR T H i
Al U B A X RIS 4 AR 1Y) 43 A A% ) 22 S A

K, HAE 3 AR AR S RECIAE 70% 47, Horh
Pk DX 25 3k A 1) 5 et 2 i e Oy B 3, AR A
7£ 8. 06 ~82.71 mg-kg™" Z[a], Al A5 #e 11 A9 A
SRESIE S S ¢ Xi R 12170 i T W a0 - 1 T O R a5
R & S AH T, ST M 53 9 48,68 mg-kg ™' Al
42.26 mg-kg ™', 2 F K F A (24, 41 mgekg ™)
(1) 2 i, 7€ B Hb 6 12 U I 12t A8 AR XU AR ) vh i A8 46
A HA AR R B R

(2) BRE5 G AW (Fe-P)

Wk ¥ TOAR Y b B 4 6 A W Y & 5 FL
5.15 ~65.74 mg-kg_l EY{E M 28. 84 mg-kg_1 e
TCHLIE & 10 3. 18% ~24.52% , 14 10. 63% .
Hor a5 et 4 F 3K i & T
T R SR A T R v (R R AR 40 S o B
TEF2 /K WIHER ] 0 ALY 4 53l o7 ARG K 60 13 5
uhifr. TEAS [ 504 b BREE G A RIS N T
ANy LKA & 5 22 Rk A2 55 RECh
52.38% . fH NS W B[R] 20 AR R &, U DL 3= 7K 1
P45t AR (18.93 mg-kg '), 2 A KIS
(37.20 mg-kg ")) 1/2.

(3) #5455 AW (Ca-P)

FLEE A AR NSRBI T OB ) AT
Eﬁ}?&,é‘%?@[ﬂj@ 70.10 ~359.02 mg-kg_1 ﬂv—ﬂj
fH 4 190.47 mg-kg™', [ JCHLBE (7 45.84% ~
91.06% ,F¥18 70. 21% . H55 5 5 F P H g i
AT i A KO, TR BRI T RAR
TR0 A IR SH R (R SR A 40 50 1 B S 7K
A HPERY 3 5 5 LA Sk HE X 7 453k o7, 7825 1]
SYARRFIE_ 5 TCHLEE S B AR L, S R P
B AN B IR A FPRKIRG 1 ~3 Sl
TE B e B DX 7 B 1R) 4313 5 T, A 7K S AP K S 5 45
A ASBERTEE S AT, 435108 201. 88 mg-kg ™' Al
198.61 mg-kg™', W #F & T F KW Y 170.92
mg-kg .

(4) W55 (De-P)

Wk V5 R 2 DO P65 8 w1 & =S L R 7. 87
~20.27 mg-kg ™", FHEIEN 13.53 mg-kg 'k
TORRW o 6 T Bl o JC LB L 98/, 7E 2.53% ~
8.44% Z|a] ,E-44 K 4.99% . fEZS 6] 43 A FAS[A T
R 3 RPOE A, A A 2 AT, AR B R RO A
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Fig. 2 Distributions of different phosphorous forms of surface sediments in Shantou Bay
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