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Abstract; Organic phosphorus is an important source of soluble phosphorus via enzyme hydrolysis. It is of great significance to study the bioavailability of
organic phosphorus in order to fully understand the mechanism of lake eutrophication. The surface sediments have been collected from a eutrophic coastal
lagoon-Swan Lake of Rongcheng. The enzymatic hydrolysis has been used to analyze the bioavailability of organic phosphorus and its temporal and spatial
variation. The results show that the contents of organic phosphorus in Swan Lake was 107.9~161.9 mg-kg™' with mean content of 125.3 mg-kg™'. The
content of enzymatic hydrolysis organic phosphorus (EHP) was 21.8~100.3 mg-kg™! with mean content of 53.2 mg-kg™! which accounted for 26% ~ 56%
of the organic phosphorus. The bioavaiability of EHP followed the order of phytic-P (21.5 mg-kg™") = Diester-P (20.7 mg-kg™" ) >Monoester-P ( 14.1
mg-kg™!). The organic phosphorus was concentrated in the estuary and the center lake, which was attributed to the different phosphorus sources, the
distribution of aquatic animals and algae and the sediments grain size. Results of The correlation analysis suggest that organic phosphorus was mainly
combined with metal oxides ( Al, Fe, Mg, Ca) which indicates that the content and the variation of metal oxides would control the hydrolysis and
bioavilability of organic phosphorus. In conclusion, the hydrolysis of organic phosphorus played an important role in the source of soluble phosphorus and
to a certain extent caused the eutrophication of Swan lake. As a result, much effort should be made on organic phosphorus in the amendments of water

pollution.
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1 5| & (Introduction)

B 1 KR B SR e S RO R (Ll
ZE4E 2009) , A HLEE (OP ) J& W1 1A A Wi B 5 2 41
oy, RV bRl 5 EEE (TP) 19 20% ~ 60%
(Zhang et al.,2008; XI55 ,2013) . H Z i K%
R TR AN R DL AR 2 0 AR KB, A LB
IR R R 5 1 il 32 R R (M 22 4655 ,2012) 5T
FHLIE Y 2 B A R A R T it A DL 0 2R
b R R O B A 3R AL sk 1) A A MLeE T
HAL2- S50 B 2P 2 | W Z AR H AR T ik
SR B BRI (Turner et al., 2005 ; Bl BE 45 2013)
KFER 5% W 0 A 5% £ B AE R AE T HLBE (Wu et al.,
2016 ; B U4 2010 FAASE 2013 ; fHESE 2003) ,
XA AL A FEAR XS A BR (Hu et al.,2009) .

H ATEr % A HURE 0 B 5% 32 2 b 2 % 23R L
T G IR G R R K AR (RS,
2003 ; &R, 2014 ) , fb 24 3 22 42 UL Th i ) Tvanoff
SRR LB S I R E M AR TE AR
A WIS IR T A 5 4R B JE R i 2 B
FEIY AT BE 5 BOA PLIE K A, DO AG A FLBE i 7
R HRe s pt A HLEE Ry 25 R
TEAT BIUBS 53 25 400 A% J B ' 1 2 AR 2 LB A
FERA F1 T H %07 15 AT LUK I g R & | E W R £h
FABRA LEE | IR A DL AR R IR AR N 2 R IR L
(BB, 2013) AHH TUURRY & TR A HLIE & i 22
SRR BRI R AR MRS ) — 26 B i A A
B4 FLBERNZE (Turner et al.,2005) . HLAEM & i & rp
(SRBRE A0 3 4 B 1] A K1) 4518 F ) T i 4 1 ik
AT A MLBE K A 5l USSR () H5 55, 2003
AEGR ,2014).

IEAER T 1k Tl TR AR I | 1 I R R
Bl FH BRI HLBE AT 55 (BRI S5, 2014 ; fa] 5%
{d45 2014 ;Zhu et al.,2013) 1% )7 ¥ 0] 7658 IR FHY
SEEGIREE T A T A AR TR A LB I A 0 AL

P, TG0 T 5850 HLBE K A 22 e (2015) LT
it /K ff AR A 55 T T A AILBE X K 35 G 1) TR 245
TR ATHIRT I A A T T K A R R 10,02
tea”, I H LABATS B A & B . Zha 25 (2013) L
Btg K B AR o3 B T It 3R R VTR A HLIE P S I
HAYA S, EBEB TR 12.1% ~27.2%K)
A DU EA Ve A mT R

TR R BRI YR AR bR MR
IV TR AR ELA AR A (R AR, 2009) L5 K
TR T b 2 g R ¥ A S Y A o T R b
— UTAER, BTN B A5, KRS T b G 2
BIREEEAL WM B K, VIR RIS G
AR fF IR 2 1R T RER 1k (BPE HE S, 2015).
DRI, ASBIF 9 LA U o DR 85 9 2 A A 5 % 42
F K i B AR WF 5T T R IE WA DTA A AU 1 A
YA ROE R Z AR R R XA BT T KRB
H G IR AR5 T A AL, R A IS IR T A
NEBLE P IR

2 ## 57 L (Materials and methods)

iR E REAALIE
SHAITE 2015 4R 912 7 ,2016 4F 3.6 A, FI
GPS 23K5E AL R GEAE R MUK RG] 42 1 4 21 e B 15
AR (EINEE,2009)  HIAS BRR Ve d R R Z
DU, e N PR L5 B A6 8 T IR IR A b, 7l A SE 5
FARURTI, 2 mm 05, RAERE AT,
22 HEAE LM

R A Sigma 2 W AU MR BE BR AR
( AlkalinePhosphatase, APase) (151 28 U-mg™") B
P2 & I ( Phosphodiesterase, PDEase) (& 74 0.02
U-mg™") SAHBR M ( Phytase ) (#51% 0.03 U-mg™") 4§
3 P, -4 ol B B RIS R 1 U - ™ R B T
B .0.02 U-mL ™' AYBEAR —BREE AN 0.06 U-mL ' AH R
fit.3 FhEGVS WAL A G B pH R S5 14 F 174
oL R L

2.1

®1 BEREMAS
Table 1~ Combination of phosphatases
A T SR pH K AR/ C B FRoK S L
APase Tris-HCl 9.0 37 WL PR+ R G S0k
APase+PDEase Tris-HCI 9.0 37 WEIR — N+ DR SR AR W+ R G 50k
APase+PDEase+Phytase Tris-HCI 7.0 37 TR W+ BER N+ BRSO NR B+ SR 5 25




124 KA ST < SRR KRG ORI AT WU 4 A A R0 S HC 23 3l 7 4631

DUAR WA o 42 RO LG R 1230, 2Rk T 0.25
mol -L™' NaOH + 50 mmol - L™ EDTA 25, $2 BT [i]
4 8 hARJGTE 5000 r-min™' R &0 15 min, £ )2
THW (K A% ,2017) B 2 mL U BUR AR T 25
mL FC A R RN 0.5 mL A 0 R il 20 A 15 T
(1) 203 A 0.05 mL MgCl,(0.002 mol-L™") |
0.05 mL 0.1 mol - L™' ¥ NaN, ( Feuillade and Dorioz,
1992) g L 845 Th (IR A % B G B TR AR IR
HOTEXTRRE R (1) [HIROK#E 16 h, B 5%
=, A AU A e IE R R 1
MR WK ST S 0 2208, A5 A (] AR K A 1 T
PR R 11%) 5 BT oy A5 AL 11 5

TURRY) i OIS A PLBES I SMT % (A
KA ,2013) s DU pH B R RR EE 1A I 2 (oK
Feoh 1:2.5), ki A2 & A 1 9 [ 5 K SC 20 | Y
Mastersizer2000 ( 9 [E] ) 8 607 BE AL % , TR
Ca .Fe Al Mn Mg % F ICP-OES-7500 il % .
23 BENLEE M

RIS 4 b B 5 3 AT #E Excel 2007 1 SPSS
19.08F Fi#47 , FIH] Surfer. 11 3 fF23 Al

3 R 51312 (Results and discussion)

3.1 R#EHINRMEASHK
KIGHTOR Y AL S BN 3R 2 Frs. KIS T
T LR L AR A 2 Rl kL B i 45 /0, 48 o
FEE L DU A Al Ca, Mg Mn Fe 554 J& &
Y& SRS & BB T, 4 )8 E AL R 1E Y
W BFF i R R 25 5 T 2 07 5 Wi R R 5 9 7 f
FUKAEE LA B G 4 i R 3% 2 DT
pH YA 7.8, RIZVIRW RS DT 2 2 A 1L
5T (OM ) 38 3t P R A0 fir 1) A B0 02 30 5 5% ) T 1)

F2 RIBHTRMEBUER

Table 2 The physical and chemical properties of sediments in Swan lake

251 WoME WRE A AR BRRE
hiiEA 2.8% 17.8%  10.3% 5.5% 0.5%
bip A 14.7%  73.3%  44.8%  21.2%  0.5%
kL 102%  81.7%  44.9%  26.5%  0.6%
A/ (g-kg™) 0.8 4.17 2.1 1.0 0.5
Ca/(g-kg™") 0.6 13.6 3.8 3.2 0.8
Mg/ (g-kg™") 1.0 7.2 3.1 1.6 0.5
Mn/(g-kg™')  0.006 0.4 0.1 0.1 1.1
Fe/(g-kg™") 0.6 6.2 2.8 1.7 0.6
pH 7.5 8.1 7.8 0.2 0.02
oM 2.1% 12.6%  4.5% 2.6%  0.6%

AR R IR bt R R 00 R O Bl 3R (R AR,
2007) JURRYIA BILT O B AR T [ — 2k Y Bl 1 9
My, ORI A HL BT 25 & A1 A A8 B o A 0 A G, —
JBE A TR - R v 1) 3 A LT 4R (Zhang
et al.,2008).

32 R¥EHMARHHELEREFT LA

KIGE VIR A DL & BNk 3 FiR, K]
TURRY) Sl | TC WL A AL 2 5 4300y 374.7 ~
496.8 .262.3~334.9 1 107.9~161.9 mg-kg™", ¥I{ii
RN 424.0 298.6 F1125.3 mg-kg ™' A HL#EH
TR 1A ) 280 w3t B g K i A HLBE (EHP ) 75 &
4 21.8~100.3 mg-kg™", FHJE 5K 53.2 mg-kg .EHP
i A LB 2 1Y 26% ~ 56% , B 26% ~ 56% 1A
BLIE 5 AW 78 0 2R WA vk, b IR PR TR B
( Monoester-P) 4 7.5~17.7 mg-kg™", i G HLBE
1 6% ~ 12% ; TG # ( Diester-P ) & h 12.4~27.1
mg- kg™ HAPUBEN 10% ~ 24% . }iBZ B ( Phytic-P)
TN 10.9~33.0 mg-kg™", A MLBERY 13% ~ 18%.
PR B R A DLV 7E 09 A= A R /NI
P . A B B (21,5 mg - kg ) =~ TR B (20.7
mg-kg™ ) STERREATERE(14.1 mg-kg™).

A B A= W) A RorE B RIS Bz A R B
FB, L = R A TE LRI 58 57 ( Turner et al.
2003 ; XD HESE 2004 ) S AE B R 45 A LB TE
WA RO AR T 52 PR R BE 45 30 228 15 S B i 1Y)
SN A5, PRI I S s Il K Ao ST i B AL e % £ T
REAZE I T T 38 25 5. A ML i 7 9% R R
Phytic-P > Monoester-P > Diester-P ( Paytan et al.,
2003) , Kt A HL#E 5 TUR YA B 25 G 5% 8 %
4G Phytic-P> Monoester-P > Diester-P , X JLFH A L
WA S0 K /NN 1% 3 & Phytic-P < Monoester-P <
Diester-P. {H Z T i [ fiff A= 1 07 M Wl 7 225 S o0 il
JICER PR , K F PR B P At A S P, IRt —
AT S REZ AR T BT ( Turner et al.,2003) 48
MRAT RIS CA il 25 R 3R W R R R 4w A Ak
W& RE AR 58, H K AR e A s A T REME IR,
e EITRR Y A RO U (™ £ 5, 2015)
AR R B A A DLW B — b DR AFBIL T, W —
AN LT (MIREE 201357 EMEAE,2012) . H Ut i
TKARAEA G5 H AT HILAT R0 /)N AT RE BR 52 P AT 2L
PEAETER R 22 1.

Diester-P: Monoester-P 1 HC B FH T 48 7/~ A HL#%E
FHXF P TS ( Bai et al.,2015) . KIS Diester-P:
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Monoester-P ) FLE A 0.7~ 1.5, 2{H R 1.0 H 5 ¥
A1 Shinohara 5% % 3L IR 19 7 35 00 %€ AT Lake
Kasumigaura ) Diester-P: Monoester-P43 %124 0.54 Fil
1.05( Bai et al.,2015;Shinohara et al.,2012) .iX A
AR L S TURR W) AT WL B 3 A 8 P A7 A A R 22 5.
AR SR #) Tl 7K e 15 B B 0 1) 2 e 52 PR B 58 v Ay
WU (109 3% ifp T . DR b 76 A 1 R D7 ¥ 5 2
A HLBER SRR o  £E7E W I Diester-PIK R4 (5K &
25,2017) , B IE LS S 0T BEAKAR T 52 FR Y Diester-P:
Monoester-P EC {HL. M Fiff 7K i 2= 8 42 T Diester-P B 7K
fift | BE T U 1) S WS R AR i HH Diester-P: Monoester-P
4 FOARL. Rk, AR ST S 1 — o AL R A AT A
Ti¥k AH H TR HGE &+ 704 FR.

% (p>0.05). EHP ( i $f Monoester-P | Diester-P
Phytic-P) Z& 75 22 % W & (p < 0. 05). EHP
( Monoester-P Phytic-P ) [ & &t 522 B BAIL, &
AURE L EHP &35 2= s ] REER A B/ R R #E 2
73 figk T8 S8 00 i A G (13, 20155 15 06 4%,
2004 ) . 53— 77 T B 9l 1R I 0% e 190 2 4 22 S O
MRl EHP 43 i 07 AL () 22 A EHP 3% i 52 %
P2 e 1) 5 PR R T W . B R R T PR R
AT IR [N Y b R ET LA 0 il R BT
(] F) 2 A7, 4 v T 1) 4 A 30 (BT R 45, 2013)
A, G B AR AR I R T T R TR
T o AR AR W A O A W 2 B R
( Wallenstein et al.,2010) . 5% & B 175 45 09 38 o, n-pie

WEAHTRI(F3) TP IP OP WA RAR

®3 RBEMNRYHSE

TA PR TS T EHP &

YRR

Table 3 The content of phosphorus in sediments of Swan Lake mg-kg™!
A TP P oP EHP Monoester-P Diester-P Phytic-P Diester-P :Monoester-P
= 374.7+65.3%  262.7+45.1°  112.0£32.7°  62.6+19.4° 16.5+1.3"*  16.9£5.6™*  33.0+19" 0.8+0.4°
B 423.5+135.5" 315.6+100.6° 107.9+78.8"  49.0+18.4"  14.7x11.4""  24.3+8.7"F  13.8+7.5* 1.5+1.9°
B 401.0£155.7* 281.3+103.4* 119.6+£56.1°  30.8+14.7* 7.5+3.4%4 12.4+4.8%  13.9+14.5% 1.0£0.7°
% 496.8+102.0° 334.9+64.4*  161.9+58.5°  70.3+10.9° 17.7£5.7"  27.1£10.2F  25.4+11.6"" 0.7+0.3*

T B P AR 22 ] — B R R NE FREROR B E K P<0.05; [Rl—4T AR RS T8 3R B3 K- P<0.05.

3.3 R#GMILARMA LB Z

PN LT MR AL R IR e

£

Monoester-P

31
27
23
f 19
15

8] 2 A
S ] oA AN (1)

SV AE LB 5 AT KR BOM [R], E 22 4R tp AE L AT
1 A0 B 510 355 2 [X 48 . Monoester-P 2= R BLAE Hf )3 A

270
210
150
90

Monoester-P
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Fig.1 The spatial distributions of organic phosphorus in sediment of Swan Lake(mg-kg™!)

TENT T, B 2R P e AU 1T, 46 2 p 1800 X ) J
FEl 3 HL. Diester-P 7% 1 75 &2 42 vp fE A 0] 1 FTE)
O E RS R AL, FRR F B e A O
FAGH F.Phytic-P & S & EE P EWIO X, ERKA
T R AR A T IX 38 33X R[] 7 45 Y ) 5 1
RS IKA: AR I o A5 LA S DU R 25 25 S
I (A ,2010) 0] T IX 22 A K KRS 55 85 1 (A,
iR I RE ALK, HedE A Tl R K AR5 K FRA
JEAK 5K AR BT PR K Hr s g ok N, B
TGS WO 1 XA HLBE R e A 1
NGB AySF (S EE L 7 S R TR S IR e s 3
MV HERCRHE KA (AR #RSF ,2015) . 55 4, AR
Y BLBE B DOREE 45 R (Ip et al.,
2007) 3.0 X BRI RE AN, HLAr A0 4 KK A H 8, %
K H TS Y o B B A LB S . AR
VIR O TR A 28 URD S5 R 0 ok &, UL
TR RE B A0, N8 AR X 4 0 A ML B
g i
3.4 BEABRHAENEEENTERE
KIGWNRJZ DU A HURE 5 DO W 38 Ak M o
FIFESCIC R AN 4 B DURLA) v A HLBE 5 0 5
HERIEA X R (p<0.05) | iR kL 5 30 5 35 1 AR
KKFR (p<0.05) . 3X 5B WI% (2015) A5 45 R —
2, RURLAR R AR A ) T3 AL % B, AH 2, TR
PR RS 43 6 A B A 5 1) I B RE A P
55 ah A 00 R RN R 4 o A AL 9 AR A sk
PEC™ E MG, 2015). DL LY A DL BE (L 45 EHP,

Monoester-P  Diester-P fil Phytic-P) 5 Al Fe Mg, Ca
SR BT B EMK(p<0.05) X Ui 4 8 AW &
A BB EEGES A T R TCHLBE—FF &8 E )
A, B T AR R R A T R I 4 R
SEACYIE S AZ AR 52 0 A DB S & R R 5
M)A ML 1) O e 40 A e 6 9 A W A e (™ R
M5 ,2015) A BEFE R BT, A HLEE R B 32 240
THAREAY AR R T B R A AL R B B R
YRR (™ E MG ,2015) .3X AT GE- T S0H R PR 1) i Wi
AN A A R Ca TEBRME R S
Monoester-PZ5 4, T2 il fa 78 MEVE 525 (Celi et al.
2004) VURRYIAHLEES pH LR A B F, XAl g
RISV pH F AT RUE 45 R A I S H
PUBC A M 83 (p<0.01) , U HLTR A HLIERY
B, A P B RN E A HLBE Y
(XIWETE , 2014 FhFHSE,2011).

F4 EEMRRMEVNBNTERT

Table 4 The properties affecting organic phosphorus in sediments

oP EHP Monoester-P  Diester-P Phytic-P
by A 0.561 0.558 * 0.296 0.640 * 0.246
hip A 0.635*  0.527* 0.252 0.667**  0.196
g -0.623* -0.538*  -0.263 -0.668** -0.208
Al 0.829**  0.801 ** 0.605*  0.741**  0.729**
Ca 0.659*  0.888*" 0.832**  0.467 0.799 **
Mg 0.821**  0.887** 0.716** 0.705"*  0.804 "~
Mn -0.427  -0.032 -0.236  -0.081 -0.204
Fe 0.841"*  0.595" 0.414 0.703**  0.575"
pH -0.354  -0.067 0.011  -0.329 0.226
oM 0.800**  0.872** 0.747**  0.710**  0.273

" p<0.05, ** p<0.01.
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4 Z5i% (Conclusions)

1) AAHUBERE R RGBT i i) ZL 2 BB,
KIGEAVTAR A AL 8 107.9~161.9 mg-kg™',
di SR 25% ~40% o RIEGETTRR D W 7 £ D)
ARPEAPLBE S 524 21.8~100.3 mg-kg™', fi AL
BT 1Y 26% ~ 56%. i) A BE 15 YL AN fig X 2% & TT AL
e, LU AL A AT G v BEOK R R4
AR N B R TR BLEE (RF )02 EHP) B9
153

2) KA B2 18] 73 A5 AN Y iy A DLk 3= 22
SRR ACEB AT 11 e A e 2 Xk, 3 RS [R] 77 oz
15 YL TR R UR K AR SRR Y B 43 A R R PR
S22 5 G A WLBE I A A A Z BT kLA |
& B ALY RE .
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