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The influence of tubificid worms bioturbation on organic phosphorus components

and their vertical distribution in sediment of Lake Taihu
BAI Xiuling'**, ZHOU Yunkai'*, ZHANG Lei’

1 Institute of Natural Resources and Environment, Henan University , Kaifeng 475004 , China

2 Institute of Numerical Simulation on Water Resources and Environment, Henan University, Kaifeng 475004 , China

3 State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing
210008, China

Abstract: Bioturbation is an important dynamic process in lake sediment. Tubificid worms, widely distributed in Taihu
Lake, were selected to study the potential effects of bioturbation on organic phosphorus (P) components and their vertical
distribution in sediments. The experiments were performed with the field sediment column under a constant-flow incubation
condition in laboratory, while the contents and components of organic P in sediments were analyzed by phosphorus- 31
nuclear magnetic resonance spectroscopy (°'P-NMR) which is currently a more direct and powerful tool in characterization
of organic P forms at the molecular level. The obtained results demonstrated orthophosphate monoesters, phospholipids,
DNA, pyrophosphate and phosphonates were the main organic P components. Compared with the control group ( no
bioturbation of tubificid worms) , organic P components in sediments had no significant difference after the bioturbation of
tubificid worms, while their vertical distribution changed obviously. The maximum concentration of total P and organic P
appeared in the 0—0.5 cm sediment layer, and then decreased sharply downwards in control group, however, the maximum
concentration of total P and organic P in sediments with the bioturbation of tubificid worms appeared in the 0. 5—1lcm
sediment layer, their concentration in the 0—0. 5 cm sediment layer were lower than that in control group. Based on *'P

NMR analysis, the concentration of labile organic P in 0. 5—1cm sediment layer with the bioturbation of tubificid worms

ESWE : HEK AR A R BT H (41001319;41101089) ; 11 F K 2= B IR 31 B 45 B B30T H (2009080 ) ; 1] g K 1+ J5 B0 S 33 H
(BH2011045)

Y Fs B H#A:2011-10-23; &iT H#3:2012-06-25

# W IHAEH Corresponding author. E-mail; bxling@ 163. com

http ://www. ecologica. cn



5582 A E = 324

was reduced significantly, such as DNA, which content was reduced from 11.2 mg/kg to 6. 1 mg/kg. In addition, some
physical and chemical indexes in sediments were also changed with the bioturbation of tubificid worms, water content,
porosity in the 0—4cm sediment layer and alkaline phosphatase activity in the 0—1.5 cm sediment layer were increased
significantly. Some research had found that the increase of water content and porosity in sediments can effect the substance
release from sediments. In this research, alkaline phosphatase activity was found to be negatively correlated with the
concentration of DNA and phospholipids, this indicated that the increasing of alkaline phosphatase activity can accelerate

the decomposition of labile organic P, resulting in the decrease of DNA and phospholipids in the upper sediment.
Key Words:; bioturbation; organic P; sediment; tubificid worms

BERBNAAESRE P EEEFRICRZ —, TEWNAKE T BRI SMNE RN IR Z 53, B SR A
ARG RN, IR DTR A BB VR T S | R AT OETE . FEs2 i IR TR BV B [ 7 o | BR TUAR
KPR AEETE R LS DB IR S R f e — A EEE M E 12 BRSO IS R £
KA AR OE ) R F 3 FAR BT 1 op 35 A HLBE B VRS e VR i 0 — 3R T 22008 T A AL
WRLE AR PR 1 22 5 SO TR B AR A g N, 3 4RO TP BB L 4R £ R (phosphorus- 31 nuclear magnetic
resonance spectroscopy ) (*'P-NMR) ARG % Ji& K HAE WP 53R K TR W e I v A 3 78 SR AT fifk 181
THUTRRYIA ML A B E SR AL T 38T TR S I B AR DN DR A LB 1) 20 mid 3= B A0 45 E W iR
HE R SEBERRER A 2 e Hodh | IE B IR AR S M AR, AR R AR AN 2 B R MR L DU
Py [mAA DL Y B 5 5K -DURR W) S I GO 285 DD AR OC | 78 75 Y™ 500 DX RR A van 1 M A ALl A o S5 0 2k
A BB A A g

IR 22 85— i WL KRB 2h ), Hol i 38 & AT SRR AL AP S8 O TR U0k 7 A= 4
TRA R EAE TUUR Y-k S Y pH A Eh {8 R A AR g JHn, X TR st sh
RO SY S S DU M AR AL B SRR T 4 IR A LTS Y A T RS BB O AR S T R ) ikt
TR E FREE A 5D . BE T, PR & 8 TR A DX 3 WL IS B -7k 22 85IV I FE X 42, i
iob FE AL 3 A A= PP S RHTURR ) A B Ll 4 B A T 1) 43T R 52 e, DA R SR T e 1 £ A b sk A 2
TEER IS BB LRl 2= A 2
1 XBEFE
1.1 gt

K FHE AR EAF R KDY, B8l IR E TR IZ 10 em Y1538 5 2, 5)2 2 em;
SR AR TR TR B2 AR RS iR 5 1450 IR ad i (60 B ) DA BRI B9 IR 34 UK 5 55 4= VI HIU
PRI IE 2 A2 11 em SEE 18 em M HLIEESAE N, T CE T im shas a2 oy, # 1k — R R ik 22 4) | &=
TR A AV B ) AT B 1 [QK 22051 ( Limnodrlius hoffmeristeoi ) 3 2 MEAR G SCHK Ko mir I vA A 44 51t B0 3
ASTATHE  BASERER I 101 AMAK R 35—45 mm ELIE T8RN K 22 85] RIS 3 A ASHUR AT 3 Py %) B AL
eI 1 AN A UG, #0B 0—0. 5¢em 0. 5—1Iem, 1—1. 5em. 1.5—2. Sem, 2. 5—4cm . 4—6¢m ,6—8cm  8—
10cm FASYIE] FR DURRIAERE R B2 DURY ThoK 22851 Bkt 5 e F A0 R = BE DU IR & 2 50 J5 e A SRRk
WV IRAT , A 31T .

1.2 DUEWE M o ir

FHEH 3R B 87 6 DU, 7F 105 °C 55 T 0L 24 b, I Bt 5 DO B &l RS 20T 5 K
RS BUR PURRY B B TE 450 AT FHIHE 3 h, SRJ5 11 3.5 mol/LHCI 41 35 $ U 2 i 44 5 15
B ICHLES 5 R FH 1 mol/L HCL B RR 3 4R U i 5 i OB Ay v A ML 5 0 D030 3o Al 5 JC DL =2 i) )
ZETERS
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1.3 DB LB R B P-NMR 24T

TR A LB ICAT , B e BN e VR T, PRE TS 2 0, PRG0S 1. 0 ¢ DR & T 8058
oA 8 mL 0. 25 mol/L NaOH+50 mmol/L EDTA $2HGH], 7 20 C 5544 T I3 $EH 16 h, 485 7F 10000 r/min
T 10 min, PR T JZEIE R BUINS /A 4 R AR R B4 Eb (075 D0 2 P G P A Bl B R AR B SR TE 28 CTF
TG 7E K Wi 10 52240 VR SR VRIV A EL B 0T . AEEA T P-NMR 43701, 561 10, 000 r/min FY %% i
P AR FE S B0 10 min, FFZEFRBUR T INA 0.1 mL 19 D,0 855, K ] BRUKER Fr#fERE 5 mm ) BBO £
L 31P SRk P1=5.9 pum, k2 PL1=-1.00 dB, 31P HYILIRMHR K 161. 98 MHz, fEHFZER dl=3s,4]
20, 000 WA, MAE IR EE A 20 °C, A 31P (LA iR Y2 IR 85% (W IEWERR . 7% & 3 Uk & ANl ik
& VR AT Ut A
1.4 DU B EBERR G ) 4 B

FRE 0.5 g ZEATIRUTR) T K E 19 50 mL S W&, A 0.5 mol/L [ tris-HCI(pH=8. 4) ZZ /¥ 10 mL,
TRAJETE37 CF M1 h, SRJG A 1 mol/L B NaOH ¥ 2 mL 281k [ b7, #5001 38 2,410 nm 6,
B B B T TR A PR
2 LR
2.1 JK2ZE|1H BT TR P B I AR AR AR

LT WA 7K 2285138 2h R OB 0 K SR FL R 2 B e 3, R 2R 3R )2 0—4 em TR,
H AR AFLB R X BRZ I N2y 8%
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Fig.1 Changes of water content and porosity in sediment with depth

# o FOREFKF P<0.001 5 * * FoR BEIKF- P<0.01

2.2 JKZZIIHL B YUY SR A HLBE 0 I 1) 4 A R E
B IR 5% e W 7K 2205 2 ) SE RS VR BE —JBEAE 3 em Z2 4 RIS AL 1 R AT &, 7K 2 5 3 i AU 3 5 £
BERAEAERIZ 0—4 em, I, AR SORIK 22 B PR AN 32 B8 i 2 0—4 em TURRPE BT AE AR 2317
XFHRZH )2 0—0. 5 em PUFY EHBE N 781.0 mg/kg, A HLHE N 180. 2 mg/kg, 2 i VT M BBy 23%
0.5 cm LUF, UURRA) VB AT LIS o 25 B A, {0 5 i B TR B2 B AR AL /I, 928 5723 mg/kg Fll 125.6 mg/kg
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(K2),

550} A TR & T 1) 40 A AN ], K 22881300 30 F DA i B RAE H BRAE 0. 5—1 em, A 736. 8 mg/
kg, AT X B ZH DU B B KM . 22)2 0—0.5 em DU BN 548. 4 mg/kg, W] WA T FRAH 2200
BB &, 1 em DUT, DU S & BB AK (AR (RMR BB /N, /K 22 W14 3l DR A WL 7 it bl
TREEAR AL IC A A H R EAE 0. 5—1 em, 4 171.9 mg/kg, Te/IMEH BUEFR)Z 0—0.5 em, 1 130.0
mg/kg(1#2)

KB TP/ (mg/kg) FHHLBE OP/(mg/kg)
0400 500 600 700 800 550 100 150 200 250
T T T T T T T 1
05 F 05 L
1.0 - 1.0 -
1.5 15
5 g
< 20 F 5 20
& B
a a
25 o 25
30 1 P 0T
35 F 35
4.0 4.0 |
45 L 45 -

B2 RRYSBMENSERETN
Fig.2 Total phosphorus (TP) and organic phosphorus (OP) in sediment with depth

2.3 KLZEIHEN T DU DL B AR LR R

FIF P-NMR A S Irf i 1304 (R F 12 h) , Hrl S 3w . 7275 B AE Wbt 2 2 ) i RS R 1Y
BEfili b AR MR)ZE 0—4 em BYTTRRIIAE S v | el 2 22 0 BOR B PR ORI F ke 20 B A BILBBR 2
I3RS 0.5—1 cm 12.5—4 cm JUEH),

MR 1 AT X RRZH 0. 5—1 em Fll 2. 5—4 cm P2 U NaOH-EDTA $2HUR S5 73 518 230. 6 mg/kg
M1252.2 mg/kg, KZBEPesh T EZ 0. 5—1 cm P NaOH-EDTA $5EHUR S8 & & 0 &35, R 343.9 mg/
kg, FJ22.5—4 em YUY NaOH-EDTA $2BORSBE & 7h 248. 4 mg/kg,

%1 NaOH-EDTA REURARY AREAF A P-NMR UEMENBEAR KR & E (my/'ke)
Table 1 Content of TP extracted with NaOH-EDTA and individual phosphorus compound in sediments detected by *' P-NMR

P O SV . IEBERRER - 3]l R
ﬁﬂx«g 73 W WER R il A
TP in Phosphonat Ortho- M . Phos- DNA Pyro-
NaOH-EDTA osphonate phosphate onoester pholipids phosphate
3.0 304.3 24.3 3.0 6.1 3.0
S5—le 2215 3 .
0.5—1 em  7KZ2¥5| Tubificid worms 343.9 (0.88)" (88.50) (7.07) (0.88) (1.77) (0.88)
1.9 187.5 24.4 11.2 1.9
Rl
%t B8 Control 230.6 (0.81) (81.30) (10.57) 3.8(1.63) (4.88) (0.81)
4.1 205.3 22.6 10.3 2.1
2.5—4 ¢ 2215 Tubifici \ 248.4 4.1(1.
S em LM Tubificid worms 5 (1.65) (82.64) (9.09) (165 (413) (0.83)
4.1 206.7 24.8 12.4
opil
%t Control 252.2 (1.63) (81.96) (9.84) 4.1(1.64) (4.92) n.d.

a; FIFHP P-NMR 2 A E 0 n. d. AR TR
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MILBW) NaOH-EDTA $EHGE B 5 WA BORT (181 3) 7K 22351 41 A RIS B A AR ) , A 458 e

TR 2215 %R

mrﬁ i

fiR £ |

T el

0.5—1cm

B |

f‘ ‘,/ | h l
\ Y
\ | I
MW (AL e— i S——— WA
| | | | | ! | | | | | | | |
20 15 10 5 0 -5 -10 -15 -20 20 15 10 5 0 -5 -10 -15 -20
Ak A% Chemical shift X 1076

3 A% NaOH-EDTA 12EL A3 P-NMR 3§ it
Fig.3 3'P-NMR spectra of NaOH-EDTA in sediment

BE(18x10°—20x107%) \IF MR Eh (6x10°—7x107°) (BAME (4x10°—6x107°) IF B R — B b i Bk g (1 x

107°—3x107°) A1 DNA(0x10°) , H IE M2 $h B A7 44 %f PAHEBERREG APA/(umol.gh™")
P, it 80% LA b, U B, B o Le 9 7% — o ° ! 2 3 4 4
10% , HoA2H i35 2 38, T 5% (% 1), XA s
2.5—4 cm VLR FEBR IR Eh (-3. 5x107°—-4.5x107) T
Er AR TR R o L

MITFY) NaOH-EDTA 2 BUR A I L &9 &%
TR, SXIRALI L, Ak 22 514 3 F 9 2 DR v i B
s B AR AL /N T 0. 5—1 em LAY DNA F c 20 b
DS A kU B A, A2 B 11,2 mg/kg 3.8 meg/kg =
B M 6.1 mg/kg F13.0 mg/kg, 2.4—5 em T i »r
DNA FIRHE & A (L IE AR . 0.5—1 em f12.5—4 = 30 |
em P JZUUBUY h AR R SR & B K 22 VE AL ¥ T s L
XTHRZ , 0.5—1 em JUARY) Hh 7K 22 85| 45 20 TR R i 75
TR E TR 2 (HTE 2. 5—4 om ALWZH TR vh R 1R 40
P S A, s L
2.4 RSB ST TURR PO 1 g 0 A Ak B S5O
Il B AL ) 2 2R >0

K22 T, £ )E 0—1.5 cm JUEY O B R il B4 RYEIEREREE R T
(ﬁrpltﬂj Hﬂ ‘j'é_,é}? X‘J‘ if2} Qﬁ i j]l]ié"]j? 57% . {El ‘Zﬁ,fn Fig. 4  Variations of alkaline phosphatase activity ( APA) in
A R 5 A VA 0 (L 5 0 A — B, By S Seiment b deph

w % % R E KR P<0.001; * * 328 3K P<0.01

TREEBE MRS (& 4) o $$ 0.5—1 em M12.5—4 cm
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DU E R IR B LS A SO TR NaOH-EDTA $2IUR A HLIEAS 2 2 AT A SC T, ¢ BRI W PR
BG4 5 A DL A AN TR 2 O BRI AN — 2, 15 T EE TP ARG DNA 305 225 GORISG R B8 5 IR 15 G &

YARE(ES),
45 r — 26 r
)
) ) =4
£ 40 | r=023 S o5 L =03
% g .
g = b o
= 357 g M
z ]
g 3.0 b g 23 r
= E *
c% 25 r g 227
9 =
% 20 . %?;I: 21 f
1.5 Il Il Il J 20 Il Il Il J
1.6 2.0 2.4 2.8 3.2 1.6 2.0 2.4 2.8 3.2
45 1 13 r
= °
N o =0 96** . 3 *k
%D 40 r - QD 11 F [ ] r=0.93
= ° & .
2 =
< ~
£ 35+ = 9r
= a
2
~ 30 L4 7 F
om
§ .
2.5 1 1 1 J 5 Il Il Il J
1.6 2.0 2.4 2.8 32 1.6 2.0 2.4 2.8 3.2
BALBERRAE APA/(umol-g h7™) TREBERRRE APA/(umol-g ")

BEs5 ARYENHARARSHIERBEFEXR
Fig.5 Relationships of individual P compounds with APA in sediment
* % % R i E K P<0. 001
3 itig
TEMNAES R G ALY S R TR A MO SOB SRt B S8 ) 2 — K228 2 KM B R Ak
WD A S A O SFhT EAMARBA AII  ARCTE By A (OB P B AEA J A AR AR AR IR e S TR
Yypy BAEE ST, BFTE R B, K 22 51 S A DU (Re B2 R 0—4 em) B8 K R MALER R 88 W] 2, JF H 3%
JEUURY) SRR DUBEA BT A IR R WK 22 541 S 0 TR B BT AT — i IR A T, ik 5 HL At 2
F LR AR— 32 A S AR S R AL A R v S R T 2 AR 2% RS R A T
B R R (25 Ak 3 B2 P T UUB W BRI IR 55 R A b i B A i s 122420 il 52 05 [ A5 5 3, IR
SR T K 22| ) A AR Sl S i, SR RE 1 18 i R A IR TR 2 £ L AR R sh A R TR
B BRI T R 5 7K 2285135 25 | TR ) B KR FL IR 0 0 B A G, Ak oK 22 W51 A ip it B v 28
Wit S IR 2 OB IR R Z DUR Y LS TR U 3 262 2 OB K i 1 T8 b g i 22
1, 7K 22 851 4 7 MR AR IR 7T B8 3 iR )2 TR S B A AL 2 1t BERRAIR . /K 221813320 0—0. 5 em TR
B e BEAER, TR 0. 5—4 em BB S BEADIW] 3G, R 51002 0. 5—1 em Ab, BB S I INEK, S H A
FFLE R A K 22 W5 4 SR R R B VTR ok ) T E R SBUR 2B S A TN, 5
SR LG A0S T DU HLIE A 22 A I A B
K 22 B5\WE P DU B 2H A5 0 BRZH e A — B, B G ERERRER Bl L P i ®ilE (DNA FEmER £h
FREIRTE , 5 H A A P-NMR BRI IR /K TR Wl 14 2 B SRAH A7) | 33k 5 B S 50 4 1) 7K 22 5] (g
VRIS IURR BRI R (HIXIe 45 RS | DU (R B2H i 35 =B A A — 2, X BR
T ST A B RS E VAR DG A1, TR W 3 TR T 0% 1 ) 28 et 2 52 e T AR W e () 2 A B )
A EER R
B R i — e — MR BRI AR /K A 18 , 7T AT T A TR TSR 174 7K At S5 I, RV 1R ek A 1) 5 % B i, G
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WP SRR PR PR VAR A5 WL A A W vl R P B A vl R S B DDA OG22 R 2 B84 3l 3R 2
DUB P 8 R PR (11 4) |, SRIADTARY b R I A 5 ORI R Rk . AE TR DR B, A
[RIJE A RS PR 25 S 8K TRk, FUA B WA R 6 41 O R AN IR R] ., B IR A A WE 5T ORI A DL 4
i o R s, R OB P R TS P 5C R AN 3, EL A B B e ) LT 2 B [ (A
SO A R 1 R A B Al B R K R R, ZE K 22 B R S R AR

TR DNA FIBEE B9 5 B R B R T R £ 2 ORGP AL O S RS S AN B,
PEARX G 2 FE K 2288408 T, 3 2 DU B Bl R s 5 P 1 I A2 G Bl A1 DNA ki‘ﬁ%‘p%ﬁ@ﬁ%ﬂ:,ﬁ
Wb, A Sh A I R IR AR IR S C—P B, ARG, AR M 0 HL A B S DT B B R
BEHEVER R IF AR fﬂﬂi'éﬁa’%@‘éf?ﬁi‘j%ﬁmwéﬂﬁkqﬂﬂ?ﬁtmﬁﬂiﬁ?‘d\ AWl N HARCA R AT, R
BERRER 2 S /N T AR BRI DNA'Y  S2 AUk Wy s Ab 23 SR S R0 1 5 43 it (L@ A B 7 A B 7J<QQE’5'M’EFFJ
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