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Abstract: Enzymatic hydrolysis is a powerful tool to study the speciation and bioavailability of
sediment organic phosphorus (P). However, the effects of the sample treatment on the enzymatic
hydrolysis need to be fully understood. In order to investigate the optimal condition for enzymatic
hydrolysis, the surface sediments of Swan Lake were collected to study the effects of sample
preparation procedures, including sample pretreatment, extraction solution, extraction time, and
ratio of sample to extraction efficiency on enzymatic hydrolysis. The results showed that air-drying
caused the hydrolysis of diester-P in sediments. Freeze drying preserved the characteristics of organic

phosphorus, and is recommended for the study of organic phosphorus in sediments. Although the
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recovery of P was significantly increased by HCIl pre-extraction, there is also a risk of diester-P
hydrolysis at the same time. As a result, one step extraction of NaOH/EDTA is recommended for
enzymatic hydrolysis of organic phosphorus in sediment. In addition, longer extraction time and
higher extraction ratio (S (sediment)/V (volume)) tend to increased the risk of diester-P
hydrolysis although they increased the recovery of P from sediment. Our results suggest that diester-P
in sediment is extremely unstable and vulnerable to extraction conditions. Thus it deserves special
caution with sample analysis and data interpretation. In conclusion, the freeze dried sediments were
extracted with 0.25 mol+L™" NaOH+50 mmol-L™" EDTA at 8 h and sediment/solution ratio of 1:30
which were recommended for enzymatic hydrolysis of organic phosphorus in sediments.

Keywords : sediment, phosphatase, organic phosphorus, exiraction conditions.
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Z D A AL (OP) JEIH13A S 0 BB G4y, AR DU iT |5 BB (TP) 1 209%0—609% ", ZE K M
A B 409%—90% 7' B S R AR A I I MBS L LRSS A K A DL G PR Y A
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WA R AR SR | R AL B R BRI T | W T9R TG AR R PR 0 P 2 BRA HL O I v ) % i
AT FEREIR RN S IAEE R A3 TR AT LI, DTkt e 1350 20 A3 WL 7 ik FH it 7K Ao R 7T 35 i b ASE 401
A HUBA A PR L A A 5 2 e O R K B R R 5T T Rt AT ML X /K 75 Y Y BTk, 25 SR B, A
TR AT A T R K A R RRAE 10,02 Wl I EL AT M RS B 0 5 R A . Zha 251 ) K
AT TR B DU A IR 28 AW 850vE e S TR b 12.1%—27.2% 1) A LI
FIRAE A nl R R b T 58 35 B K B R 45 I A 5% i 80 B g — PR AT AT He 4, He M1 Turner
ST ALK i RO DB RO BEVE T R RS ST 45 SR R W B R Y T B 0 7K i SR 5 AS B N A T
WA — IR RE WS 5 UK ff R, A R g DU mT UK BT A (R B TR 5. He F1 Honeycutt S5AF 5T Bl /K fft A
BLBE R 352 55 5 SRR W, L) Tris-HCL S22 0P, pH = 9 A Ay B o R K A A ML ) 25 448, LA Tris-
HCL AR i, pH = 5 1E A BR B K AT U A 25 2F 00 (B XHRE i A B 3k (g0 5 SR 5
P2 ECE [ 1 B A5 25 ) ol it K At A ML P 52 i) 19 AT 8

VR H R L YR RN AR AR KRB A U R EE ELAA T A . R B R R A R
T AN A A e B L R 2 — | AT AFOR , RIG A AK Bl AL, KA 20 A B e 0% ARzl T D) e iR
A2 AR SCA KRS AR A B0 5 IFSE AN TR 2510 T A5 LB (%) /K SRR A0 DR T AN )R ot b B 7
A MLBETE A B HLAE WA B ), AT 45 S X /KR 38 S A0 1 B 5 9 P R LR 33 v R 858 LA
EEE L.

1 #ES 5 ( Materials and methods)

1.1 FRALRAE 5S4

BE SR TR RE 5l KRS W22 2T (1—10 em) |, FCEARBAL M L3 1. 768 1 SRS SMT
EMEGTRY) TP 5 OP, FITCZE /BT ( VarioMaxens) WI5E TN, SR pH 18 R FH R B2 300 5 (58
W F K H R 1:2.5) IR Ca Fe Al Zn R ICPS-7500 II5E FE A A Sy T8 T 1 ikt | 5201047 5%
R, UUB A DL S A, A DL & Bt K i RE & B A2 Bl U575 Y MK R R B e 2 R i K, A LT %
A AL A A DU IR R AR TS 3 RO AT RIALEE . (1) AR IR 1L 07 (2 mm) ;
(2) AT AT Kb 3 S TORR A it 5 (3) Yo VR TR IS 1L 07 (2 mm ) A SR B S5 A 3
1.2 DRI HLBR AR R I R 5050

SRR SR IR 5. (1) JH 0.25 mol - L™' NaOH + 50 mmol - L™' EDTA Bl — 425 (2) %W
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1 mol-L™" HCI #i#2 2 h, 4 0.25 mol-L™' NaOH + 50 mmol-L™' EDTA F#2H BN A% E 4 8 h, B
FeoM 1305 (2) JB L3R BN RIS 0 | 5% T 0.25 mol - L™ NaOH + 50 mmol - L™ EDTA — 3R HUO5 5 | [l
b2 1:30, $EHUET R R 2.4 8,16 h; (3) 75 S HE LU 5 0T il 7K fife AT HLI 1 52 el K DORR B 5 4 B
i FRUTA Y 5 BEGR) ( Fe 158 o 1:8,1:30 1 1:100, BEHUAE] % 2 4 8 h, Fi 0.25 mol L™ NaOH +
50 mmol-L™" EDTA —E 42U 3R BUR £ 850 )5 3 0.45 pum JEFFEFE IR 1.3 35 A% 77 12 000 52 2 BOR HH i i 20
T % ( Monoester-P ) | B2 —BE#E ( Dieste-P) FERRHE (Phytic-P) .75 b, Wik it S BOR B J5 F T TP A 1P
S3HT, TP DU T 2 1 SR A G R A = Y A, B U A ML (EOP) Sy TP 1 IP (22 {A.

&1 AUKTIR 0y EAL 5

Table 1 General characteristics of surface sediments in Swan Lake

R LR TP/ op/ ™™/ Fe/ Al Ca/ In/
Sample  Organic p (mg-kg™')  (mg-kg™')  (grkg™)  (mgekg™')  (mgekg™)  (gokg™) (mg-kg™")
A 5.2% 8.0 516.0 140.4 2.7 1981.8 706.1 8.9 103.2
B 10.3% 8.2 7724 203.4 2.4 1125.7 292.7 17.7 98.5

1.3 UG K AT HLIE 0

PEPER B Sigma 2\ &) BB BEBR B ( Alkaline Phosphatase, APase) (%1 28 U-mg™) BEFR —Hi i
( Phosphodiesterase, PDEase) (114 0.02 U-mg™") LA K AHBL M ( Phytase) (75 0.03 U-mg™") %5 3 Ffiff
IO BC E S P 1 UsmL ' BOBRPERERREE 002 U-mL ™' BFYBERR —EEAEAN 0.06 U-mL ™ FERREE.3 Fh
VEWRTE S I8 1 pH AR 250 R T4 6 IR 2.

&2 ARG
Table 2 Combination of phosphatases
K it AL

PR TR Rl . K A AL
. . pH Hydrolysis X
Enzyme solution Buffer solution Enzyme hydrolysis phosphorus
temperature/ C
APase Tris-HCI 9.0 37 WERR MDA+ IR G AW
APase+PDEase Tris-HCl 9.0 37 WL R+ DR S B+ 2R 5 5k
APase+PDEase+Phytase Tris-HCI 7.0 37 PR + W PR Tl + TR SR TR S + R A S

B S mL DU R T 25 mL EL @ o 0 0.5 mL AR A BERRBEAL AR (3 2) 43 B inA
0.05 mL MgClL,(0.002 mol-L™") .0.05 mL 0.1 mol-L ™' NaN,"*' 4 e (485 Hr (IR A % B n & T ke it
PR ZEXT IR R (3 2) fHIE/KAR 16 h, BUH SR R R, E 255 B A L (6 1000 R IE B AR £ 7 i
PR K A T 110 25 L, A5 S AN TR0 P it K et LE B8 1 56 190 5 i RIRT Rz A AL 1) o
1.4 BRI 550500

RIS FE 55347 F SPSS 19.0 Fl Excel 2007 #4347

2 R 51718 (Results and discussion)

2.1 BESHRTAL T SO ORI A LB A7 ) R )

3 FRESLHTAL R VA (R UR TR AR ITRIEERE ) | DURR A LI & e 45 2R L3R 3. 3R 3 1591,
ANTR] F A By 32 X5 T OB B HLBE M LA TS 25 SR B I A, Y URA B 3k A 2 die e, ff A
A0 BTV T XA 3T A5 25 SR R I A8 A TR S i F SR R vh A ML 1 LS O, (R S B
BRAE DA A MR — 7T, KA T e I S A BT R o S A K A R ARME GRS B RS 5 — T
T, A AR R LR R S A 3 AT P A e, DR LA 45 SR A SR B M 22 L [ AR KT A B R
T A R AL, A DL AL AS A T RE S B0H WLBE BB Lt , A MR AI T A DB & 5 AR 5T
XU AR A HLEE 7 1 L VR A BRI A AT AL 7 1 23 IR 28 %—29% Fil 9%—10% . T AT 10 52 45
PR 2 2 ST A SRR, AT TR R I MUBS AR AR AR T T I B X DU R A WL 2 SR i, 45
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SRR ITER R IR B TR AR A A MLBE 0 & i, B8 VR T8 H T DR i A 38 PRIk, DA S B
PRAEA B B VR TR IR IS G TR A LI 2 A i

ABFFE T, A AL XU YA MLBE I A 52 i 22 5 B b XU RN R T T ER B AL 5 /530l v T
SHTEEAE i T BRSO LB & 8 1Y 13%—26% F1 27 % . 3X — J7 TH 52 5 A 1) 4 Bl i 2 AR 1 e Vi o A T
Ve B BB 25380 55— A LA A SRR AR, K i A DL B B, 5 3T ke
A B (VA A B L B 227 (A R 2 R TR B34 TN B B3R 1 [ st 2 fek A AL /K A
e 3 Fr , A TFALBE Monoester-P 25 1t U FE 5 6%—8% , H: Diester-P 1 Phytic-P 5 1 34 B A T #r i
FE i X LA XU AR BT 50T #553 Diester-P Fl Phytic-P & A8k, A2 5 1 36 14 5 55 1) Monoester-P. [ 75 3
28 A I R A WL 0 45 SR R W DU X AR B DNA 5 1 B S sl | 9 ELUXUF A B 0 4 s 1R
PATE/ TR R LU 35 S 0, R IR i XU o R vl R R 0k B PR LR A R T Ak P 3
Monoester-P Diester-P F Phytic-P & it WA T T8 AL o X SR DU A ALIE & 4 R A — 30 25 |
i AN [R)RE it b B 7 A e 1 B KA LB 5 o, e XU AR RS e 2 S R T A DL K iRk BT
DAIANIE G OURR ) A AL ) 2 AP . i v VR T8 B LS DR A T ORI A LB IR AR AIE , LU 35
BLEE AT

R 3 TR TT A LR

Table 3 Influence of pretreatment methods on organic phosphorus
o 3w Monnestei—]l’/ Dieste—l?l/ Phylic—lj'I/ EOP{] oP/
(mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) .
Sample Treatment . . . . (mg-kg™")
(% of EOP) (% of EOP) (% of EOP) (% of OP)
AT 34.6+4.0(39)a 7.3+1.5(8)a 1.2+0.9(1)a 88.7£1.0(72)b 124.4£16.5a
A i3 =3 32.1+4.4 (46)a 26.9+0.2(38)b 3.7+0.4(5)b 70.1+4.8(58)a 119.9+6.3a
R 39.5£0.9(29)a 25.6+1.4(39)b 2.2+0.1(2)a 88.8+4.4(63)b 140.4+17.7a
KT 33.3+0.6(52)a 8.840.2(14)a 7.8+2.0(12)a 63.6+2.6(37)b 173.5+10.4a
B fif i 31.3£2.5(55)a 15.1£0.2(27)b 8.8£1.2(16)a 56.4+0.34(33)a 171.6+11.8a
B 39.3+0.7(55)b 12.7£0.9(18)b 5.5£0.2(8)a 71.7+2.42(35) ¢ 203.4x17.7b

TE B A P B R 22 455 TR AT i il BRI DL LA LB 23 LG [ — R 0 81 R 1] 52 B 3R0R 8 2 M 7K - P<0.05 n
=3.F[E.
Note: Average and standard deviation are shown in the table. The number in brackets is the percentage of EOP or OP.Different letters in the

same column indicate the significance at P < 0.05, n=3.As same are herein.

2.2 TR TR HLBE R AK A 1) 5

ANFHRICT T UURYA LB & N3 4 s, i3 4 v 0L F HCL TR R = 3 IR ]
PEBCAPUBE S B3N T 34.1—51.4 mg-kg ™' iX UL B HCI W2 B 3 38 @ 7 DU A ALBE AG RDSeR | mf
fifi 0T 2 LB A SRAE. S R — D T2 HCL A TE& AR AT LA B R 43 00 TC AL A A5 A DL 9 Lo 451038
MRS R T R BUSCR 5 55— J7 1 AT BB HCL A 4R BUR BU T DU oK i Fe AL, Ca 548 B
T AT FAARR T X6 A LA R B T 2 , A R T 00 A BB A 4R B

&4 BB SO0 LB

Table 4 Influence of extraction methods on organic phosphorus
N ' . Monoester-P/ Dieste-P/ Phytic-P EOP/
Flih By (mg-kg™) (mg-kg™") /( y'k ) (mg-kg™")
Sample  Extraction method g %8 mg,. & mg. 8 ne .g
(% of EOP) (% of EOP) (% of EOP) (% of OP)

HCI FiHL/NaOH/EDTA 3= $2 5 45.9+1.8(37) ** 14.2+1.2(12) ** 6.1+0.5(5) ** 122.9+3.5(88) **

NaOH/EDTA 25t 39.5£0.9(44) 25.6+1.4(29) 2.2+0.1(2) 88.8+4.4(63)

HCI it/ NaOH/EDTA 425 57.9+0.1(47) ** 3.3+0.6(3) ** 11.6£1.0(9) ** 123.1£5.1(61) **

NaOH/EDTA #21) 39.3+£0.7(55) 12.7£0.9(18) 5.5+0.2(8) 71.7+2.4(35)

AR 26 A FLBE A9 2552 i 22 55 B & FH HCL 7002 B (1500 75 Monoester-P &5 & 38 i 1
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16%—47% ,Phytic-P &8 T 110%—177% , Diester-P &8 F I T 45%—74% 3% 1] fE 242 Bt 5
TEMIVERT Diester-P &2 T /K AT O AN [R] A3 HILAE X 12 Ak 3 1% M [0 AN []. Bowman B 5% 3% BH , 2 b
fig FER X AN IR B R e SRR Ak F N ARARE , A4S 5 /K R M Anderson 25 5 i 7 DNA Il RNA 7E5#
AR A& F FARZE S KA 20 R BRI g 4 SRt R W HCL AFE A HE T, DU A WLB A7 W S A 7K figt ok
%%,éﬂ&ﬁ?ﬂi%@ﬁ*ﬂ@qﬁﬁgﬁﬁ[m B2 HCL TR EUEE & T TR Monoester-P il Phytic-P % 11 DA N AT
MBI [NSCR  BAFAE Diester-P 7K ff (14 XU PR SL TR P HLBE R B R F NaOH/EDTA $2HL—25 4%
oy T
2.3 REETRICHTTRR A BILAE B K A 52 e

AN (R HR TR TRR AT ML 5 S e i an 2% 5, B BB (B 0 P B2 BROAT ML 1 52 o 22 5 B 2, A ML
B B it 25 2 BT ) A T 42 30, A 2 h B 16 b, AT BCA ILBE A S =0 T 50%—63% , M ARIE
DU A HLBE 7250 $E 0L, DURR B2 A () e A 4K 28 8—16 h. HR AT [R] X A7 ML 25 T2 25 15 ) 22 57
1.3 : Monoester-P Fil Diester-P # i M 2 h 2| 8 h 7353 T 32%—57% 1 25%—55% , . 8 h %] 16 h J5
HAEBEHDBTIRET 24%—29% 1 30%—35% 3% 7 B HE AT (] 15 1 25 530 Monoester-P £l Diester-P 7K
fi# ") Phytic-P & BREZ BN ] S G AH G, L 2 h F] 16 h, Phytic-P & HFEK T 67%—69% .3 i W 42 B
T Phytic-P FE 1R 25, 25 5y ke Az & AR 7K Sk B R (1) G B2 A A7 ALt 7 o3 R il , S8kt S R B R rp Ay
HLBEZK . I, 8 h S AR A HILBA il 7K i o A4 U ).

RS PLIBUR AT HLBE Y50

Table 5 Influence of extraction time on organic phosphorus

W | emwr Deer mer o
Sample Extraction time/h (% o EOP) (% o EOP) (% o EéOP) ( % of g()P)
2 29.9+0.3(45)ab 16.5£1.5(25)a 6.1:0.7(9)c 67.0+3.4(48)a
4 32.752.5(43)b 20.4£0.1(27)b 47:0.4(6)b 76.10.4(54)b
A 8 39.5+0.9(44) ¢ 25.651.4(29) ¢ 22+1.4(2)a 88.8+4.4(63)c
16 27.952.5(28)a 17.940.1(18)a 2.0£0.8(2)a 100.625.2(72)d
2 25.150.2(45)a 10.120.7(18) b 16.0£0.9(29) c 55.742.7(27)a
4 31.36x2.8(50)b 11.2£0.7(18)b 9.5£0.7(15)b 623:2.2(31)b
B 8 39.350.7(55) ¢ 12.7£0.9(18) ¢ 5.5£0.2(8)h 71.7£2.4(35)c
16 29.85.6(33)ab 8.30.4(9)a 4.9:05(5)a 91.0£2.7(45)d

2.4 FEIGR LB TR A ML R K A 1) 52 )

3 FPUTRAY S SN E A S TR A MLBE & s IR 6 i, N3k 6 Pl 15 TR P2 E
B, AR S 22 5 0 . Bt B ) EL 01 (0 4 o5, ] S A AILBE & s ST . 76 1:100 #2
LG, o] IO LR & 53 2 1:30 A1 1:10 ARl SR ICA MLEE & B0 1.5—2.4 f5F1 2.5—42 £,
HLHAE 0% 1] s3] AR B 93% , K WK TR 43 A HLI B R AT ; Monoester-P 1Y & & AHEL T 1:30 A1 1:10 424
FIHCA 5 9132 5 T 1.1—1.9 £5F1 2.9—9.5 1%, Phytic-P A& A 19328 T 1—10 £%. 1 Diester-P B
bR B35 M 1:30 3] 1:100 Diester-P i &AL T Wi 20 R R BEAIR T 98%. Diester-P [ 4 B 7
LB AR Ak, — 7 1 P RE DL Diester-P Fifi 25 HEH L (138 fin i & 28 17 7K At 53— T R o] BE 2 Bl 5 R L)
BT K, B B i 3 AR, RS 174 SR A o AR I, G 0 o ok 1y T RE R BRI L B 2 L it
AT BEMRA Monoester-P  Phytic-P fSEFR & &, SR ()3 & A7 ZE AL Diester-P 2 & (19 XU . PR I, $ H
FULE B 1:30 B3 A DU Pl K AT AL 4 347
2.5 RIGWATTRRYI B K i A HLBE & i

2015 4 12 H 43 AR RIGWIR 1 5.0 XA R A2 R 2 DU AL il DURR AR Sl R IV T8
A3 R LA 1:30, 5% 0.25 mol -.L™' NaOH + 50 mmol -L™" EDTA 425, #2HUN 6] Jy 8 h, T 15}
KA LB S AN 7 . RIS OP &40 140.2—268.8 mg-kg™' , ¥J(H N 191.2 mg-kg™', Hih |
MUBE & B K /NI A2 0 E1 X > 380 X > A L EOP 2 BUR A 46%—60% , Monoester-P | Diester-P |
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Phytic-P & & 43 5l & 5.6—23.8 mg - kg™ [ 11.5—30.9 mg-kg™' . 6.2—49.0 mg - kg™, FHI{H 53 51 A

14.8 mg-kg™' 21.1 mg-kg™' 25.4 mg-kg " AW 152 WP 52 MBS, UL A WL & 2%, A LB & &
AR AT 11 DX A2 Bt 5 G ma R A LIS 5 v

OP 1) 25%—47% (F-¥) &5 OP 11 35%) , X U BT AR
Tl O AL 7] BB S /K PR 7% Ml B A ML

R 6 ARG AHLBER

Table 6 Effect of extraction ratio on organic phosphorus

AU R . RIS b AR Wl R A L
W) KA 1 Wt SR . R e, R WA LR A L

B BRI e e S )
Sample Extraction ratio (% o EgOP) (% of EgOP) (% o EgOP) ( o of %P)
1:10 21.1+2.3(41)a 26.0+0.6(51)b 0.140.4(0)a 50.8+1.8(36)a
A 1:30 39.540.9(44)b 25.6+1.4(29)b 2.2£0.5(2)a 88.8+4.4(63)b
1:100 83.1£2.9(64) ¢ 0.6:0.4(0)a 24.8:2.2(19)b 130.30.7(93) ¢
1:10 11.1£0.5(27)a 16.1£0.8(40) 1.8:0.4(4)a 40.6+2.0(20)a
B 1:30 39.3+0.7(55)b 12.7£0.9(18)b 5.5:0.4(8)b 71.72.4(35)b
1:100 116.7+4.2(68) 0.3:0.3(0)a 10.840.5(6) ¢ 170.5+8.1(84) c

RT RIGIITURYIREK A B &

Table 7 The concentration of organic phosphorus from enzymatic hydrolysis of surface sediments in Swan Lake

o MonoesteiP/ Dleste—_/] Phyllc—f’l/ EOP/_1 oP/
) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™") -1
Sample (mg-kg™")
(% of EOP) (% of EOP)P (% of EOP) (% of OP)
W X 5.6+0.8(4) 11.5+6.4(9) 49.0+£5.2(39) 124.6+3.6(46) 268.8+10.3
NS 23.8+4.9(30) 30.9+4.6(38) 22.4+5.8(28) 80.6+7.0(49) 164.5+6.5
AMFH 14.9+4.4(18) 23.9+2.9(28) 6.2+1.5(7) 84.7+0.2(60) 140.2+10.6

3 2518 ( Conclusions)

ARG HRAE— R FH R b A TR BT 5 DURR A A DL 04 S 86 ik 12 s T LR IE A ML A= 0
WVEWFE S5 22 B, AR AL N R VS R T Ab B 12 BRI R 1:30, 5% 0.25 mol - L™ NaOH +
50 mmol - 17" EDTA —25H2HX 8 h J& TR B /K A H7 AR i de A4 S 06 25 1F

2% 3K ( References)

(1] 27, XSCRe, SRPIHE. h ER ESRRAE BRI A AT )], FRERL S 51K, 2012, 35(S1) : 209-213.

LI Z C, DENG Y X, ZHENG B H. Investigation of the eutrophication status of the lakes and reservoirs in China[ J]. Environmental Science
& Technology, 2012, 35(S1): 209-213 (in Chinese).

[2] FRUMIN G T, GILDEEVA I M. Eutrophication of water bodies - A global environmental problem [ J]. Russian Journal of General
Chemistry, 2014, 84(13) . 2483-2488.

[3] £#\%, LU SEFRMIAMNMOIE A B P[], AAREIERE, 2009, 19(6) :599-604.

WANG H J, WANG H Z. In the control of nitrogen and phosphorus in eutrophic treatment should be relaxed [ J]. Progress in Natural
Science, 2009, 9 (6) :599-604 (in Chinese).

[ 4] ZHANG R, WU F, LIU C, et al. Characteristics of organic phosphorus fractions in different trophic sediments of lakes from the middle and
lower reaches of Yangtze River region and Southwestern Plateau China[J]. Environmental Pollution, 2008, 152(2) :366-372.

[5] XUH, RUER, FIr9E, 45 PO0-S AU H k0 HER L2 RHAE LLARTIRZE [ 1] BRBER 441, 2013, 33(4) : 1073-1079.
LIU C, ZHU HW, WANG L Y, et al. Comparative study on the geochemical characteristics of phosphorus in sediments from Lake Dianchi
and Hongfeng[ J]. Acta Scientiae Circumstantiae, 2013, 33(4) :1073-1079 (in Chinese) .

[ 6] MONBET P, MCKELVIE I D, WORSFOLD P J. Dissolved organic phosphorus speciation in the waters of the Tamar estuary (SW England )
[J]. Geochimica et Cosmochimica Acta, 2009, 73(4): 1027-1038.

[ 7] ®mot, R, 058, 55 KWKl i RREE A5 v X B (bR [ 1], ERE (D kA7) | 2005(S2) 1 157-165.
GAO G, ZHU G W, QIN B Q, et al. The activity of alkaline phosphataseand and the mineralization rate of phosphorus in the water of Taihu
lake [ J]. Chinese Science (series D: Earth Sciences) , 2005 (S2): 157-165(in Chinese).

[ 8] MZfh, Wt RIRBUN RIZEE DR G K A BIE S50 X (iR [ 1], L3E%H, 2010, 49(4) :758-763.



3

KA A R it A BT ORI RR A K AT BB B 5 ) 641

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

YANG H W, GAO G. Distribution and mineralization rate of phosphorus in different polluted River in TaiHui Basin [ J]. Journal of Soil
Science, 2012, 49(4) :758-763 (in Chinese).

I, A, ARMEME. JCREWICAR X WA A W B B0 g 2 B AR ML [ T ] . 3, 2013, 45(1) ; 67-72.

GAO L, HOU J Z, SONG P P. Characteristics of adsorption kinetics and isotherms of phosphate on sediments in Swan Lake[ J]. Soils,
2013, 45(1): 67-72(in Chinese).

SO, U SE. AR EIEARGUIR Y A MBS S JCHLBR A & 5 5 AR RS [T oh B R i ( AR |, 2010, 40(1)
69-74.

CAO W Q, LIU S M. A Study on inorganic and organic phosphorus in core sediment of the Yellow and East China Seas[ J]. Periodical of
Ocean University of China, 2010, 40(1) : 69-74 (in Chinese) .

JABE, BT, SKH R, B AU SBR[ T ] AR, 2013, 34(1) ; 40-43.

LU Y, GONG Z T, ZHANG G L. Phosphorus forms and adsorpyion -desorption characteristics of urban soils in Nanjing[ J]. Chinese
Journal of Soil Science, 2013, 34(1): 40-43 (in Chinese).

RiiEE, FMESC, ML, 55 FREBHIBEHTh BE-31 BRI IREORJ]. LR, 2013, 1(3) : 15-20.

LU J, WANG H W, HAO H, et al. 31-P Nuclear magnetic resonance (31P-NMR) in environmental phosphorus analysis[ J]. Hans Journal
of Soil Science, 2013, 1(3): 15-20 (in Chinese).

TURNER B, CADEMENUN B, CONDRON L, et al. Extraction of soil organic phosphorus[ J]. Talanta, 2005, 66(2) : 294-306.
CHROST R J, SIUDA W, ALBRECHT D, et al. A method for determining enzymatically hydrolysable phosphate (EHP) in natural waters
[J]. Limnology & Oceanography, 1986, 31(3) : 662-667.

BB UM A R A DUBRARRE XA A8 [ D). BB : BB RSB 2008 30, 2014,

XIONG Q. Characteristics and bioavailability of organic phosphorus from different sources in DiabChi Lake[ D]. Nanchang: Master Degree
Thesis of Nanchang University, 2014 (in Chinese).

VM. A HUBRRRAE XK S R TIRRL D] B 998 Rl EAng 3, 2015,

LI L P. Characteristics of organic phosphorusin DianChi Lake and the contribution to water pollution[ D]. Nanchang; Master’'s Degree
Thesis of Nanchang University, 2015 (in Chinese).

ZHU Y, WU F, HE Z, et al. Characterization of organic phosphorus in lake sediments by sequential fractionation and enzymatic hydrolysis
[J]. Environmental Science & Technology, 2013, 47(14) ; 7679-7687.

HE Z Q, HONEYCUTT C W. Enzymatic characterization of organic phosphorus in animal manure[ J]. Journal of Environmental Quality,
2001, 30(5) . 1685-1692.

TURNER B L, MCKELVIE D, HAYGARTH P M. Characterisation of water-extractable soil organic phosphorus by phosphatase hydrolysis
[J]. Soil Biology & Biochemistry, 2002,34(1) ;27-35.

HE Z Q, GRIFFIN T S, HONEYCUTT C W. Enzymatic hydrolysis of organic phosphorus in swine manure and soil [ J]. Journal of
Environmental Quality, 2004, 33(1) : 367-372.

AR, BUAL, W, AF. RIGHIVE IR Z TURY AR AR 2 RS ATRRAEL 1], LS4, 2015, 16(1) ; 127-132

SHAO X L, WEI Q, GAO L, et al. Spatial distribution of different forms of phosphorus in surface sediments fromswan Lake Lagoon [ J].
Chinese Journal of Soil Science, 2015, 46(1) : 127-132 (in Chinese).

FEUILLADE M, DORIOZ J M. Enzymatic release of phosphate in sediments of various origins[ J]. Water Research, 1992, 26(9) :
1195-1201.

kT, AR, BRGNS [RBAL BT B WA TR YA HLBE g s ()], P ER AR, 2007, 23(4) @ 355-359.

WANG S R, JIN X C, LIANG H Q. Effect of different pretreatments on organic phosphorus fractions in lake sediment[ J]. Chinese
Agricultural Science Bulletin, 2007, 23(4) : 355-359 (in Chinese).

Z—, L, K, S LR YLEET AT T ], RERUMOl R A ( HARRLERR) |, 2014,38(3) 1 160-166.

JIANG Y, BU F, ZHANG C, et al. Research advances on soil organic phosphorus mineralization[ J]. Journal of Nanjing Forestry University
( Natural Sciences Edition) , 2014, 38(3): 160-166 (in Chinese).

J%%, AR, Lk, S TR TR A DLBE T RO R [T ] AR EREERLF, 2002, 21(1) : 60-62.

ZHOU Y, ZHANG F S, YANG H S, et al. Effects of different drying way on analysis of organic phosphorus in marine sediments[J].
Marine Environmental Science, 2002, 21( 1) ; 60-62(in Chinese).

B30, Ealidy, Bk, &5, TIRAEN TIEBER TR M U LR [ T] . IR A BB, 2015,32(5) :41-47.

REN W C, WANG P F, QIAN J, et al. Review of the effect of drying-rewetting alternation on the transportation and transformation of soil
phosphorus[ J]. Journal of Yangtze River Scientific Research Institute, 2015, 32(5) ; 41-47 (in Chinese).

STYLES D, COXON C. Laboratory drying of organic-matter rich soils: Phosphorus solubility effects, influence of soil characteristics, and
consequences for environmental interpretation[ J]. Geoderma, 2006, 136(1-2) : 120-135.

IR, =YL, 250, 55 BT PR IR ST DT AR fh i 2 i ge [ 1] BREERLS ) 2011, 32(7) - 1980-1985.
BAI X L, ZHOU Y K, LI B, et al. Refining sample preparation procedures for solution *' P-NMR analysis of organic P in sediment[ J].
Environmental Science, 2011, 32(7) : 1980-1985(in Chinese).

BRICENO M, ESCUDEY M, GALINDO G, et al. Comparison of extraction procedures used in determination of phosphorus species by
P3'-NMR in Chilean volcanic soils[ J]. Communications in Soil Science and Plant Analysis, 2006, 37(11-12) : 1553-1569.

BOWMAN R A. A sequential extraction procedure with concentrated sulfuric acid and dilute base for soil organic phosphorus[ J]. Soil
Science Society of America Journal, 1989, 53(2) . 362-366.

ANDERSON G. Factors affecting the estimation of phosphate esters in soil[ J]. Journal of the Science of Food & Agriculture, 1960, 11
(11) . 497-503.



