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Formation Mechanism of Bioavailable Phosphorus in Sediments Under the
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Abstract: The concentrations of different sedimentary phosphorus forms and bioavailable phosphorus were studied and the formation mechanism
of BAP in sediments was discussed> under the conditions of sediments re-suspension. The results show that sediment re-suspension had obvious
effect on the distribution of different sedimentary phosphorus forms. The BD-P; Al-P; Ca-P were increased evidently and the NH, Cl-P was
decreased with the time of sediment re-suspension extending. The BAP in sediments after re-suspended was reduced by 6.59% > indicating that
sediment re-suspension could promote the transformation from BAP to nonbioavailable phosphorus. The formation of AAP might mainly have
close relationships with BD-P. After extracting AAP; the BD-P was decreased by 33.4% averagely in the sediments after re-suspended, while
the release of BD-P in sediments from the control experiment was increased by 19.8% , showing that the formation of AAP was affected marked
by the properties of BD-P. The Olsen-P could be mainly formed from BD-P; Al-P> NaOH-nrP. The formation of Olsen-P was closely correlated
to BD-P, based on the release of BD-P, Al-P, NaOH-nrP.
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Table 1  Physics-chemical characteristics of sediments
i H pH TP/mgekg™'  BKE/% KR EI%
HAH 6.62 1625.33 69.62 13.23
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Table 2 Extraction method of bioavailable phosphorus in sediments

Uz R4 PRI T7 1
KIRPEBE —_— 0.50 g VM 100 mL 2 17K, 25°C 220 r*min~"'4%3% 2 h, 10 000 r*min~' £5-L> 10 min,
i ) 0.45 pom JETL 38, P58 PO H B E
" . N X o -1 » , e — LHESE y *mr ’]Ti“;'_;\\
5T RDP 1 OO'gEQ/)EjJﬂ)\‘SOLH‘LA(‘)}Ol\ mil E% ‘cdc12V ‘25°g4 220 r*min~'#%% 1 h, 10 000 r*min "~ &L
10 min, 0.45 pom SEMEIL 38 , W $L O P o ok R
e 3 , 0.50 g J'RVE A 200 mL 0.1 mol*L~' NaOH,25°C 220 r*min~'#%% 4 h, 10 000 r*min~! L
BT R AAP g O A
skl 10 mins 0.45 pum TBERFE, I 53 HE U B
. RN . *L~! NaHCO;, pH =8.5,25C *min~'$%%% 0.5 h,
T L T B Olsen P 1.50 g JEVE A 50 mL 0.5 mol*L~' NaHCO;, pH = 8.5,25°C 220 r*min~'#&% 0.5 h, 10 000

remin~ " Z L 10 min,0.45 pm VEMEIE P8, I PR B P A

R3 ERPHBESRREAEN

Table 3 Species of phosphorus in sediments and sequential extraction methods
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Fig.1 Variation of the SRP in the overlying water

2.2 REFRFRE T ESH ML

H1¢ 4 AT O, JEVE Y TP 5 St Bt I U Pk V7 I 1)
(R HE K T 52 8 3 3 vk 45 {0 ES1 A ES2 R TP 7
5 ESR AR LUWS AT 982D, T I BRI T e 758 T 1 4
9, B K SN ) AR ) AN e 5 AR DT , T

BIFYIKZ WA BN AU P ORL, S06) SRP
(IR B 20 S 2 . R & TR, X SR R L I e
RIF Y BE b K — i s XA B
JKH SRP 3 BRI, HIR Ve TP & A D A
ES3.ES4.ES5 H', TP 7 i i % = T ESR, Ui 3K
rf SRP W B 2 N RV . R 4 BoR, B EIFI 5
AN EYRFE S TP % S AT ESO TP &, U
e T BV 1 B A 1) JES 8 3B A8 1A b 5 R o0 R
WG 2 X S5 1 xR B Or s, R R AR
O HERIE T b 3 n i B e =k g K
H e ) F AR DCRE, I H DA B B A 3= 5 1 iU P A
FRAR , TCHUBURL A T X B AL P BRI B, L 58
A 2 W BN A 2 e N T T S R R Ak B DL
FETT ph e S O v S AT A TR S
W75 AN RE e A A I . WO A 1 vh A7 35 43 %
AW AL St AP, 9 H Gassmann 251297 Al
IR A I B, KA WA DA TR 5 4 S IR
S B 7 B v Ok ) b, b AN, JE Y B VR A A
TS BRI 0 K AT RS, i AR B A .

F4 ERPHBHOMELS/mgkg™!
Table 4  Phosphorus forms in sediments/mg*kg ™"

5 TP NH, CI-P BD-P Al-P NaOH-nrP Ca-P Res-P
ESR 1625.33 137.89 837.72 120.49 87.51 306.99 134.73
ESO 1736.49 123.04 923.71 147.58 73.59 308.13 160.44
ES1 1561.79 98.03 768.06 130.95 89.47 318.23 157.04
ES2 1599.35 102.68 789.25 131.20 111.79 315.61 148.83
£S3 1703.44 83.02 931.77 136.25 73.17 330.59 148.64
E4 1699.80 108.59 870.69 136.29 103.64 330.80 149.78
ES5 1714.20 92.7 879.45 150.89 79.76 347.07 164.33

JEVE P&V T B IR AR TS R AR T I A4k
TEARFEAS®ES, BD-P 7 TP B Hel 2 K, 78 7 MR
PEFE s, P YIEIE B 51.50% . B i e 7 V7 1
()P 4K, BD-P 75 0 52 0 W 14 n 1 45, X vl g
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A Olsen-P 751 W) 2 2 F B A8 7 AN IRVEFE 4
Bl BAP 7E TP " T v Ll A5 K /N WP 2 — 5501, B
AAP > Olsen-P > RDP > WSP. JUIL /& AAP JIT (7 LL 491
K PIIEE] 13.03% 5 1M Olsen-P IR 2, 5 4.99%
WSP H1 RDP JIT 5 LUK IR A 1.14% F1 0.06% . 75 1&
2 WSP F1 RDP 7 &3 /N, Hof 7K AR & 5 FR AR FE (1)
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Table 5 Effect on the BAP in the sediments after re-suspended
WSP RDP AAP Olsen-P
e/ R g I3 e R AL G P Ve SE oY HC R g I3 A KL HE 7oV
/mg*kg™! /% /mg*kg™! 1% /mg*kg ™! 1% /mg*kg™! /% /mg*kg™! /%
ESR 388.93 23.93 17.10 1.05 0.50 0.03 286.00 17.60 85.33 5.25
ESO 415.51 23.93 15.09 0.87 0.75 0.04 304.00 17.51 95.67 5.50
ES1 265.91 17.03 14.08 0.90 1.00 0.06 172.00 11.01 78.83 5.05
ES2 255.58 15.98 13.99 0.88 1.25 0.08 164.00 10.25 76.33 4.77
ES3 271.11 15.92 22.12 1.30 1.50 0.09 166.00 9.74 81.50 4.78
E4 341.22 20.07 25.72 1.51 1.50 0.09 230.00 13.53 84.00 4.94
ES5 303.54 17.71 24.87 1.45 1.00 0.06 198.00 11.55 79.67 4.65

AR S EDY A REN 5 AR RS,
AAP/TP V349150 11.21%, 5 ESR~ ESO #H Lt, AAP
S N BT 6.39% 1 6.3% , 1t W i e 115 2 5 40
T AAP JE . ESO ' AAP % B AT N, v R S
BD-PITIH8 0 ¢ . B A 15 2 7F B 18] (1) 2 K, EST ~
ES5 AAP R 5E/N R I & #, 1X 5 BD-P 17424k
&30t ESo 5 ES3 A LUK I, BD-P 7 i )L
-3, {H ESO 1) AAP & & Lb ES3 mthir 1 4%, 7
PrAL N AT BE 5 Fe, A5 < 46 ES3 7, 39 IfI BD-P
FHEIE T Fe, W BH 1) B BT TR B 1T ESO T, B N
BD-P 5837 W) H AR VTS A ¢, 1IX 334 11 BD-P
PR BT AN TR, NI AAP IO T = 4540 .0.5
mol*L~" NaHCO, $#EHL (1) Olsen-P = % A4 % M 4 &1 1)
BERERY 5 OESR AH L, B Y8 B IR 5 (ESL ~ ES5),
Olsen-P/Ca-P *F¥IPBEAK T 3.40% , 11 ESO "1 Olsen-P/
Ca-P I BG TN T 3.25% . Ui WIS 1 B RA T,
Olsen-P [T 552 B4 . f b o] 0L, i Ve 76 VF g
B AR IV A 3 ) S P A 9 1) A Ak, PR AR T R
A2 IR S BT 7K A 7 IR A IR DT R, (2 0 Bl 1 K A
PR

x5 BoR, e PR ATE G, BAP & & B T,

5 ESR #H L, ES1 ~ ES5 ' BAP & & 704l MR T
6.9%7.95%8.01%3.86%6.22% » 1t i Ve FF
BIERHE T BAP [ ME M A= W) A FH A5 W e Ak 5 T 6
IREG T, BAP 2 & W] B 1, 153 26.58 mgekg™', Ui
B 128 K rh s ) SRS e AT A I 1 56 B B BAP . BRI, X6
TRV AR ME A A T B I K AR, TR U ¥ BAP TE %
TR BRI X TR YR 4 R A TR T I KA, JE
Jert BAP )8 & A7 ARl D I 35, X0 T 5 57
AR A2 Il I i P R AT 4R R

3 YA MEEER AL S

LR M, BAP 5 TP. #F S S R A A B F
(A DT AW FCHRTT T e 1158 7F )5 » BAP 5 TP
A i LSO A AR il R B (PAP) & B 2
) A SR (R 6.

H 3 6 A %1, BAP H1 [ WSP ! Olsen-P 5 TP H
FRUFIARICHE, 1 RDP 1 AAP 5 TP I AH K PERR
% RV EIR G, BAP 5 K Z AR A L% 03
FRIAF 6, R )2 AAP 1 Olsen-P. F B 25173 i
FLE B AAP 5 BD-P Fl Ca-P HAT B35 AR OCE, 1M
Olsen-P M 5 Ca-P H A B E AL, FH HMWE

*6 BREIZKE TP.PAP.EREHS BAP XX R
Table 6 Correlation of TP, PAP, various phosphorus fractions and BAP in the sediments after re-suspended
WSP RDP AAP Olsen-P NH, Cl-P BD-P Al-P NaOH-nrP  Ca-P Res-P PAP TP
WSsP 1
RDP 0.387 1
AAP 0.748 0.230 1
Olsen-P 0.807 0.607 0.738 1
NH, Cl-P -0.109 0.02 0.545 0.043 1
BD-P 0.827 0.573 0.277 0.209 -0.551 1
Al-P 0.710 -0.285 0.397 0.211 -0.304 0.537 1
NaOH-nrP -0.368 0.117 0.189 -0.254 0.891 -0.244  -0.503 1
Ca-P 0.857 -0.077 0.504 0.454 -0.340 0.705 0.963 -0.582 1
Res-P 0.178 -0.835 0.151 -0.162 -0.166 -0.085 0.726 -0.419 0.600 1
PAP 0.907 0.639 0.503 0.708 -0.260 0.943 0.554 -0.341 0.710 -0.137 1
TP 0.952 0.455 0.538 0.675 -0.301 0.930 0.720 -0.438 0.849 0.087 0.975 1
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Table 7 Phosphorus forms in the sediments after the extraction of AAP/mg*kg™"

R TP NH, CI-P BD-P Al-P NaOH-nrP Ca-P Res-P
ESR 1331.77 131.09 593.56 100.60 30.18 331.81 144.53
ESO 1407.86 144.02 631.21 109.46 19.88 337.97 165.32
E£S1 1375.60 141.09 608.41 120.72 15.09 342.05 148.24
ES2 1438.96 134.62 634.62 125.00 19.23 375.00 150.49
ES3 1544.20 119.28 755.47 139.17 14.91 367.79 147.58
£s4 1507.56 109.56 697.21 149.40 24.90 373.51 152.98
ES5 1534.50 110.97 730.85 151.13 15.12 398.19 128.24

%8 IRE Olsen-P R HEMES /mgokg ™!
Table 8  Phosphorus forms in the sediments after the extraction of Olsen-P/mg*kg ™!

W5 TP NH, Cl-P BD-P Al-P NaOH-nrP Ca-P Res-P
ESR 1515.27 181.96 772.84 71.22 47.43 300.08 126.74
ESO 1631.02 190.27 819.40 85.60 58.42 331.58 145.75
ES1 1471.49 177.11 692.33 77.46 60.81 327.64 136.14
ES2 1512.55 178.45 732.60 86.88 62.61 320.75 131.26
ES3 1633.23 174.46 852.50 92.11 53.26 339.15 121.75
ES4 1597.83 170.81 791.99 99.10 51.97 344.06 139.90
£S5 1637.90 152.62 839.58 102.49 37.55 370.48 135.18

t 7 7T, $EHL AAP 5, IR U P 5 1R A7 B
BRAET BEB. HAREE AAPCGR O RAHLL,
BD-P 5 NaOH-nrP % 3 987> . 7 /N Y FF i BD-P
IR T 192,76 mgekg™' s W H T NaOH-nrP [
/b &, U AAP B S BD-P KR Z V) AEA A
JECVEFE i T, ESO BD-P MR B K, I HLE 3
T RVE G R JE(EST ~ ES5)BD-P BRI 51
H BT T ARG YE BD-P RS JECE: & 3L BD-P 1 LA,
7F ESR~ESO-ES1 ~ ES5 "1 43512k 29.15%31.67%
20.79%+19.59%~ 18.92% 19.92% 16.90% . 7] LA
F Ve T BIF G  BD-P RS 552 20904, 1
WA JEE Ve B 70/ 7 BD-P XF AAP (R BT, A1 Y
T AAP TERK . LA S0, ES3BD-P (1R U L
Bm] WL, 1/ BD-P RIS Ry R 12.75% » Bl W]
AU AAP (1 TTHk 2 5 T )5 &0, T BE s Fe, 1
TR ) 7 AN PR RE S NaOH-neP - 392D
7 68.52 mgekg™ ', M A YA T Ca-P W35 G0,
PRI T 38.42 mgekg ™' . NH,CI-P+ Res-P+ Al-P &%
TRIR AR, Hor, ESRVESOAESTVES2 ' AL-P #8/D,
1M ES3. ES4. ES5 W A3 fr 4 hn, o 5 Al (42 ey

SR Bt W], PR FR LIRS R R ALP 5 T
RET .

R 8 i, $2 W Olsen-P J&, 7 MNERVEAE M Y
BD-P+ Al-PNaOH-nrP &A= T 1 35 B, L7 389 B ik
A 71.3447.54 F1 35.27 mgkg™ ', Ml Olsen-P
M~ 32 6 B 5 AL A 83.05 mgekg™'» Ut B RS B
BD-P. Al-P-NaOH-nrP H KR 58 4 A6 i Olsen-P,
B WL AL B NH, CL-P Al Ca-P, V¥ ¥tk 5
M 68.53 mgekg™' A1 12.19 mgekg ™', XKW, A
[Fi) T 25 18t 2 1M S A7 A0 A6 AH B3 A 1) m] e

5 AAP AU /2, ESO ' BD-P RS &
K, I E] 104.31 mgekg ™", 1M AT 5 Y8 (EST
~ES5)BD-P (BB AR 66.04 mgekg™', IX
F IV PR AR G BD-P [FRETBOZ B30I, AH Y. (1)
Wk FEAK T BD-P Xt Olsen-P [Tk . 542 HL AAP J5
B (TSR A AN A (1) 2 $2 3L Olsen-P Ji5 5 AP K4
WERN, H ES1 ~ ESS ' AL-P (B8 /N T ESO:
NH, CI-P #1 Ca-P 7 539 11, Ca-P 3G 0 52 W /N1
NH, CI-P, J5 KT AT 8 & - #2 3L Olsen-P 5 AAP I, ¢
N EFE] 535024 0.5 h A1 4 hy B 063 B3R HL Olsen-P
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ZE LT I&, AAP ¥ 5 BD-P % UIAH G, 1f
Olsen-P %K [ BD-P+ Al-P~ NaOH-nrP, #R ## BD-P-~
Al-PNaOH-nrP (IR IBCEHEN, Olsen-P 5 BD-P )%
RHE N Y] BD-P X} AAP [ DTk 5 BD-P 4 5%
DIAR G . Bl A5 I8 P8 T B ) I K, BD-P 7 1k B
AAP 115 5 E RN, IX R W, Fe, (T G XT AAP (1)
TE A 2 R HEEWAE . 554, NaOH-niP #1 Al-P
XIAAP WA —E M Tk, (H 3L 5 25 /N T BD-P. 1B
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