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Response of Phosphorus Components in Sediments from Eutrophic Lake to

External Sulfate

YUAN Tan'?, HUA Yu-mei', ZHU Duan-wei', ZHAO Jian-wei', CAI Jian-bo'
(1. College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China; 2. Dezhou Environmental
Monitoring Central Station, Dezhou 253034, China)

Abstract: A six week experiment under indoor simulated condition was carried out to investigate the external sulfate transformation
between the sediments and overlying water from Lake Nanhu in Wuhan, China, and the influence of sulfate on the phosphorus
components was also studied. The results showed that the sulfate input increased the pH and lowered the Eh in the overlying water. The
sulfate concentration in the overlying water decreased with time, and it was assumed that there existed an obvious transformation of
sulfate to other forms of sulfur compounds according to the variation of sulfate concentration in the pore water. The sulfate reduction
index increased with higher input content of sulfate. The amount of sulfate reducing bacteria (SRB) in the sediments achieved the peak
value in the second week, and the SRB amounts of S500 and S1000 were much higher than that of the control. *’P-NMR was used to
characterize the relative quantity of phosphorus compounds in the sediment extracts leached by NaOH-EDTA. The components of
phosphorus in Nanhu Lake sediment were mainly orthophosphate, phosphate monoester, phosphodiester and pyrophosphate. The
predominant one was orthophosphate (84.10% -95.54% of total phosphorus). The contents of other phosphorus components were
followed : phosphate monoester > phosphodiester > pyrophosphate, and they increased due to the input of sulfate during the first four
weeks, and decreased in the last two weeks. The external sulfate accelerated the release of orthophosphate from sediments to overlying
water in a whole, and increased the contents of phosphate monoester, phosphodiester and pyrophosphate in sediments when the amounts
of sulfate reducing bacteria were high.

Key words: sediments; sulfate reducing bacteria; *'P nuclear magnetic resonance; phosphate monoester; phosphodiester
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1.1 CRFfE

AL A DT R A Ay RV i g AR e K i
TH, KIR R 7. 63 km® IR HR 1.85 ~2.50 m, T
H 20 th4t 90 AEAR K EA I T K HHEHEA LA,
fl AR R AL T8 B SRR 2009 4 10 AL, T
FEWIH.030°2827. 9"N, 114°21753. 4"E , B FHA% 15 7%
SRR I W2 2 TURR Y , LA RO o7 OB s i 7
K. TR R B A R TR ) 1 S AR BRAL 1 o WL
1. FEKPEBE(TP) SN 3. 1 mg- L, NH VI
IR IR SR R A KT DU TP %
HON1722. 1 mg-kg ', AL FE K 30.8 g-kg ™',
TR 55 B8P, Eh 308 1 fH, 3R B K AR Ab T 38 iR
R
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Table 1  Physico-chemical properties of the overlying

water and sediment

£zt K [i] Ak TR

pH 7.4 — 7.1
Eh/mV - 168 — -214

TP 3.1mg-L7' 2.1 mg-L™' 1722.1 mg-kg™!
S03~ /mg-L~! 35.9 18.3 —
LB/ g kg ™! — — 30. 8

1.2 SEERE

SCETEE 3 MR B XIRZL (CK) B K AT
N SO;™ 55 2 2H(S500) 55 3 21 (S1000) |4 K
i SOF™ HeJE /5120 500 mg-L~", 1000 mg-L~".
R RIZURYIR S G 3 50T 1.3 L 45 4%, Ui
YIREN 7 em, DURYIHN EEOK AR R 5:7, &
T 25°C TE AR b Bk R 5 6 A A A EURE AT
A JURE Z BT S A T B 6r i 2 b B KRR 1) pH
Al Eh. B K IBORE , FH 8 A I B 5 B D R ) A
4000 r-min 'L 10 min 153 8] K. TR
P A IR AT VA R A B AR 00
1.3 Wi 3 &7k
1.3.1 AR A FAS B AL o

pH FEAL A L H A (Eh) 0 5 SR FH HL AR k.
DB WL & R B AR MR A b R ik 1
F KAl /K o TP SR A HNO,-HCIO, W )s , R
FRERPLA O I E .

1.3.2 SO~ FUTA W v i iR 6 38 JR 1A ( sulfate
reducing bacteria, SRB) il &

K AE BRSO3 W e R H 4% R O i
P00 SR A K B AR $ (most probable number,
MPN) " sE TR SRB R, BISR H 2248 %
TEHEAR | o€ B 20 i BT W) FE b 22 SRB % 57 ik
HLAE(29 = 1) C MERET SR 21 d, W 2RiaE =2k
PR TUIE TP B Ak SR 8 2 B R Rz, >R
MPN H; AR AR 5 i SRB AT, SR A 5
DURRWIRE ity BT 55 (9 SRB L.

1.3.3 BRI

FFHBRBR AR 10 )5 45 BORANE A R $h 8 I 2. 7%
VR TR UTBIRE i, 46 2 mol - L' HCL R 1k b 38
J& i 75 E Elementar 23 7] ;= Vario max chn JG
251 B A 2 DA i A DLk & &, Axios
advanced X #F £k 2% Y6 6 3% X (fi7 2%, PANalytical 2
CIDRUUD R/ AR /s iR Tl o 2 = R N NS 2 L 1
BB (TOC + €, ) /TOC. FH TOC A HLIK &
i, C,,, Bt R R 38 J5VE ] vh Bl e A A LB 1 2,
Choe =S(% ) x0.75,S(% ) A BT 7040
1.3.4 °'P-NMR J5E IR BELL 7>

W1 g SR UURIAE S N ARG B 19 0. 25
mol-L.”" NaOH F1 0.05 mol-1.7" Na, EDTA P T TR
10 mL, 7EFE R 2% 25°C FHR% 16 h, B4R AE
15000 r-min~" F &> 10 min, FIFW 0. 45 wm 7K
FHEF ORI I8, DB R n VR R TR L (32
Labconco 23 7], Freezone %) 7E — 40°C F % 1. FREL
250 mg H TR ARZET 5 mL BRSO A
B 4R G ek TR EIE T 0.6 mL EK 5 0.1
mL 10 mol - L.™" NaOH MR &R WK, # W) 1%E L2k %
2min, BEJFEFE 2 h ARG Wik B0 -V, Hola) 4
B 30 min $&7% 30 s. #J58 000 remin ' E§.L> 5 min.
W 1T SRS A 5 mm B8 A% B L PR AR
IR AR IR P A 3+ Bruker 23 A
(1 AV 400 HY 05 B 85 % B FRVE A bnifEY) .
1.3.5 BdEgeitntork

H1 SAS 8. 1 B4 73 B 4K 14 (SAS institute , 1999-
2000) #EATGETH AT, GEt e Aok O 22 43 B, AU
FEBER FH die /N 35 221 (LSD) , K 36 KOl P <
0.05.P <0.01.
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2.1 SO HiAX EAK pH A1 Eh (520

77K pH Eh BJZEFLRFAE AN 1 TR, CK
S500 A1 S1000 7K i) pH {H & 55860, 7+ F 7. 09
~7.52 Z (8], SR KN IF R CK < S500 <
S1000,S500 1 S1000 f) pH 3 HIAES 2 8% 3 J& k5
S E. 523 1] CK |, S500 F1 S1000 14 |85 /K Eh
PHET =100 mV, 7E - 102 ~ - 197 mV 78 Bl N & 4=
R WS, HIEAR LB A R R A Ve B A3 i
FEA.

SO;~ #E ARG AE R B F 32 K 8% SRB FIH,
R R I JE S Ry 5 R R

(CH,0) . (NH,) , H,PO, +53S0%" + 14H* —

106HCO; + 16NH; + HPO;  + 53H,S

H AT, SRB i Jr i g £ o A vp AR 2
SECT A HUBEEAS A HPO, ~ MR, R i 434 )5
1 ¢ SO;™ AR 1. 042 ¢ BJE, KR pH [ETH . &
K pH A1 Eh AR A0S T IR i R 6 i i
A5 1R PIRE S A & S TR AR B ™ EE Y e
LA AR AL T30 J5OR S, W1 hh Eh BP AL T3k
- TR S oA 2 aok A v R AR B A AR A, TS Eh —
BEARFFEARREE. Serh &3 FAIK Eh BiE i
i 6 R P85 1) P v T R AP B ], 1 BT R R
N FE RS MBS, T B0 R R B AR B ], AT —
HEEALT Eh. BT BLER 68 JFAE H 580 S0; - Wk
FEAIK, B/ SRB PRI = 2 02 0 40 7 ol At 1R 38 SR A
FHUBSS , PRIHCER 3 S5 2RI T Bt 3.

8.0 =210
(a) pH (b) Eh
-180
7.5 £
C -150
>
70t £ -120 ¢
T3]
90 |
6.5 —¥%— CK
—— S500 60
—0— 51000
6.0 . L . " s s _30 L s L ' ' s
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Il () Il ()
El1 L%k pH #1 Eh T
Fig. 1 Variation in pH and Eh of the overlying water

2.2 SO, FEAKAR AR L KB R R SR e A

2.2.1 AEKAGTRPIEIEK T SOT- AAR{L
AR BT SO; Sk RS Y HUE

FHTHEA SRR v 76 00 & A B R R 3 S5 VR i

SESO; WK, 25 1 &, S500 A1 S1000 ) I 7

K SOT MR SR T REZ 50% [Kl2(a)], 556

1200

(a) LK —¥%—CK
—&— 8500
—o— 51000

1 000
800 |
600 ¢

A
400

SO, /mgL”!

200 F

0 1 2 3 4 5 6 7
i) ()

Ji 805 e BB [ 2= e IK, S500 A1 S1000 | /K
SO;™ WREEST 5 T B WA W BE 1Y 4. 2% F1 3. 2% .
CK 9 SO;~ ¥ 4R ZAIKT S500,S1000. Hi &l 2 (b)
AIHL, 55 2 JE I, CK L S500 1 S1000 [A] B 7K o SO; -
WeRE IR BT R [ B K SO; ™ vREE B TR
T EADK R BRI B X2 i T TR & R

300

(b) TAIRK

i) ()

B2 LEEKMERAR SO;- T

Fig. 2 Sulfate in the overlying water and the pore water
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b5 EBZK R SO; ™ MR BEIIVH R % 2R 6 JE BT BE
HARAH.
2.2.2 Ui SRB ARk

TUR T SRB ) MPN 1825 S an &l 3 i,
B DURRIRE B b 404 SRB At 5 AF b, O
B LK SOL ™ i A AR BEAS [ FT [a] A2 £k 1 3
225 e BAEDK TR ER N SO3 - 1Y S500,S1000 Ak
Birpr SRB B 8RB AL @ B (VL H LR i, T
[6]) 43 2 29. 8 ~2.6 x 10* I>-g ' F129. 8 ~3.8 x
10*4~-g 7", He CK TR %) SRB % (29.5 ~4. 6
x10° A~ ) il T — 8,3 S Ab B SRB 4L
AR RIS T A B g AR S 2 AL

4.5
40 F —»—CK
—&— S500
35 —o—S1000
:f_n 3.0
= 25
S
X 20 F
o
Z 1S
1.0 F
05 kb
[]L L L
0 1 2 3 4 5 6 7
e )/ 1

3 ARYIth SRB HET{L

Fig. 3 Sulfate reducing bacteria (SRB) amount in the sediments

SRB 7E pH {H M 5.5 ~8.0 ZJAJ A LIAE K A KA
i pH {EN 7.0 ~8.0"" . KK pH 2 45 51 R &
samactE, I IEA pH A AT SRB A4, #E 1M v] LU
PEFRRRER A JFAE I #E1T. Eh 252001 SRB 2E KAy
FHZE Y Eh KT - 100 mV B}, SRB A RE#cFA4E K
PR ER IR AR FH 7 A5 DA & A, S g ] 25 Ab 3y |
FKH Eh ST - 100 mV, A F FHiBRER A AR
FHAEAT. SRB AT H] F TC AL AT MLBAE Sy H L
A, 40 1, ([RIRFRL COo, $R il ) (FLARER | L RREh AN
PIBRER S5, ir oK w0 OB P o LR o B
30.8 g-kg ™', BEAEIH E SRB A KT 22

S500 F1 S1000 1) SRB %5 & 28 £k A1 [A] Bt /K H A7
iR £ Tk B AR AL RRAE 35 R AR ARL, XTT AR SRB il (]
Bk 9 SO;~ Wik BE 32F 47 AH OGP 43 BT, SRB A H
SO;~ VERHL T2k, 4k SO;~ iEJE {7 T SRB
05 PN A T AR AR B, SO2 A ik B 40 i A
REDA S ARVR B SO2 - XF TR R $h 8 5 1 & 4=
FARHERS BT CK DUk b S02- #k
BERAR,SO; ™ [l M PN A 4 a% 2 B, 3k LG /2 SRB 1)

AR ST, T CK UL SRB i 28 1k
PR R, SR Bk b SO; ™ ZIm A e (r =
0. 107). Ifii S500 1 S1000 5[] BR K o SOF~ Z [H] 3
BABIF ARG , A G R &2 0. 816, 0. 532.
55 2 JEIWFRIB /K SO; e B2 18 3 Fe i A, LA S500
A1 S1000 F) SRB % & 135 2 iz =5, SRB X% [H] B K
SO; ™ WALV B NS 3 JE 4 Hh BRRRAIR, i J
11 SO~ e JE (AR JE i fif SRB 34 4H Z [, (K 1tk SRB
ekt it L s
2.2.3 BRI RS BN AL

SRB fEA HLBRIE A fh i A b ke 75 AR
WAEIEFEDLA Th 2045 50% BIA HLER A b 2 8 1
SRB ¢ B ERER A B s A i OB A B
BRI 2 [A] (R T DG 2R, T IS LA 8 5 38 D 11 5
RV R 5 340 SR BIOBR A, DUV 2 6 30 D ey . %o
WILAFEFN CK .S500 F1 S1000 25 1, 3, 5 EUTY AL
d R BR R A JFA8 B b AT I A2 , 4n & 2 Jir/R. CK 1
DB h & A DR SO, |, STEEVAFRME T kA —
SE IR R, T LL CK 9 B R 6 148 J5 i B0 e (7] 4
Bt B2 R0 . TR k3 AR B o B K
SO; ™ Hi AR BEHE ST HE N [7)—Ab 3 e 2 (1] (4 42
K, B R £R 38 IR F5 BOK W1 K, X & T S500,
S1000 H1A 78 2 1Y SO;~ BER 1 Ry 5 — %L, SRB
AT I A FH A5 330 SO~ R sk S D i 34 22 1 €, A AL
[ PR S Ak A3, B R S8 S8 BIOZ T

F2 R T R

Table 2 Index of sulfate reduction of sediments

Ja%k CK S500 S1000
0 1.092 1.092 1.092
1 1. 095 1. 097 1. 095
3 1.110 1.101 1.121
5 1.110 1.114 1.168

2.3 UURBE B A AR Ak B

4 FitoR R EE 2 J& S1000 PR NaOH-EDTA
R AR P T & B0 P-NMR 3% & % kL 5 A
LB & AR A T B b . WoEMEMIER i
AU R P TP-NMR RS T S W E
SR 4 K0 SRR I K 32 B A AL 43 X 4%
FEk. B4 oA ZAT 43I ERERRER B AR |
IR — T8 A AE WA £ . Zhang 257" XK VT B8 0 0
TR REILIRGE TR TR LA I 4 B4l /4, i
K S 0. 1% ~0. 2% B JERR R , 76 AR BT 5T P
KAEK .

MR A5 T B T AT 3 A H R TR
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Fig. 4 3Ip.NMR spectra of NaOH — EDTA extracts of lake sediments
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H i B L A iR R R % A 5T P B R
PATE S B ik TP 19 6. 89% ,{E 2 ~4 J&,CK ,S500
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Fe( OOH) B e S AR5 , PR AR R &) T 7E TR
kA AR R A R R OB P
PR BT s DI 0, AT BB B TR AR A 5 [ TTT
U i iR | B i 3 BUF A 5 25 A il
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Fig. 5 Quantitative analysis of *'P-NMR spectra of NaOH — EDTA extracts of lake sediments,

orthophosphate, phosphate monoester, phosphodiester and pyrophosphate
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(3)'P-NMR 22 UL Hh 45 AP 4 43 1 5 Ak
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