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Analysis on the Forms and Release Potential of Nutrients in Sediments from

Lakes in the West Jiangsu Province

LIU Tao', HU Zhi-xin' , YANG Liu-yan', XIAO Lin', XI Bei-dou’, XU Qi-gong’

(1. State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing 210046,
China; 2. Chinese Research Academy of Environmental Science, Beijing 100012, China)

Abstract: To probe the effect of nitrogen and phosphorus (P) in sediment on aqueous nutrient concentrations, forms of phosphorus,
sediment water interface diffusion fluxes and phosphorus release and adsorption of 10 lakes in the west Jiangsu province were studied.
Sediments were sequentially extracted by the modified Ruttenberg’s method, and the result showed that inorganic phosphorus in
sediments of the lakes was the major fraction of total phosphorus, but the proportion of bioavailable phosphorus was relatively low.
Compared with the lakes in northern Jiangsu, the Fe-P was relatively high in sediments of lakes in southern Jiangsu. The diffusion
fluxes of lakes were mainly based on NH, -N diffusion in the west Jiangsu, and ions of most of lakes diffused from overlying water to
sediment, NO; -N diffused from sediment to overlying water in lakes except for Lake Hongze, Lake Shijiu and Lake Xuanwu. The
condition leaning to acidic (pH <4) or alkaline( pH > 10) was beneficial to phosphorus release, and except for Lake Xuanwu, the
least amount of phosphorus released form sediment was higher in acidic condition than that in alkaline condition. The amount of
phosphorus adsorption was increasing with temperature increase. Considering the phosphorus adsorption on native phosphorus polluted
(NAP-polluted) sediments. All data of P adsorption on sediment samples collected from 7 lakes were fitted to the modified Langmuir
model. And the values of the maximum adsorption capacity (Q,, ), phosphorus binding constant (%), native adsorbed exchangeable
phosphorus ( Qy,,), were subsequently obtained. The results showed that the adsorption amount of P in Lake Hongze and Lake
Xuanwu was relatively low, which were liable to release P from sediments.

Key words :sediment; phosphorus forms; diffusion fluxes; release; adsorption
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Fig. 1 Distribution of lakes in the west Jiangsu province

1.2 BRIk

WAL B KRR SR AR 5 2 TR O IR B R
22 Millipore 0. 45 wm PES #4fLuE 35 I E. UL
IR ARIZ 0 ~7 em, — B0 U AR IR R AE
TR TE4 500 remin ' L 15 min, £ 0.45 wm

DB B R TR B K 5 | 53— 84378 B A AT
1t 100 Hifiii FHF U CALBEE A Al P Bl S
W B

[ B 7K 32 20 %€ NO; -N, NH, -N, NO, -N 5
PO, ™ -PEFRERVREE | FHBE 50340 JE 3 A 3 D' 5 B v DU
FENO, -N, e 5 b €0 2 DU 5 NHL -N, FH it Jie 4k
BRZE 2 " EIENO, -N | AR BE P46 el
EPO}-PP,
1.3 UURA M B
1.3.1 PRSI AE | LRI E

KM EEAE 105°C XU HEAT T3 = 2
N A —BOh Ik, AR (L3R 1) AT
BET 5 i 25 (8 5 A B DU B 9 Le (e TT
TR B Ry B AR A [ AR o o i 55 AR A 7K
Jii 2 . AR E R IR )R E. AR AR R A
i, RERZUURRYIAERE , OREE IR S5 1 A BB IR
PHEDTRRPELE 220 100 em® AYANHIER TT, 28
J DU A B S N R A, TR R
BRIV KES N, FLBRE R O,

ﬂ@ﬁmm:%1 gi%um%

CEE

1.3.2  AHUFMRME

S5t 0% 5 ORI RE fi 7 500°C FHI%E 2 h 115525
ENAHUR &R WA TR Y A L & R
W1
1.3.3  fLBR/KY HiGHE

PUBSRE -8R ALY/ B ¥ & S P I SR =E =
30 5, 38 AT 22 DU I U B 10 ot s
Fick 8f— @ HR R AF TURR Y- 1 B 7K A1 A 1) 22 e

ﬁ%mﬂ::

F =¢DS5./6,
X, FoOOy U0 WK Bt E SR AR YT ROE
[wmol«(m*+d) '] o MFLBE; 8,/8, J A1k &
BB R IR R BUK S KR R 22 70 AT 1T
D, & T RS AR SEBR T3 AR B,
Ullman 41 WS T B R D, S5fLEE
o ZHMAK KRN .D, =¢"Dy (¢ <0.70f,n=1,
M o=0.7 B ,n=2),D, N 25CHARER MY B ER
B LA TE 0 ~ 100°C R EE S RN A
FRL 1Y 97 1R B 5 7K B9 b B A O, AT T Stokes-
Einstein R LR R
(Dymy/T) 1y = (Dyny/T)

A,y KBIREEE s TORAEXIRE, T AR T1 F1 12
FORAFNREE SR T RYIBUE. X T4 B g 1



9 XA TTIRPE SR IIA TURRY) B SRR A T S ARSI 0 22 S 10 3059

£1 IHERREAEMIBALIER

Table 1 ~ Physicochemical parameters in sediments of the lakes in the west Jiangsu province
tNEl BRI/ C 178K pH KR/ L DU &K/ % BRI P % Y
9% Eh 31.12 £0.27 8.69 £0.09 0.38 £0.00 50.16 +1.51 14.29 +5.92
L 31.67 £0.53 8.55 +0.21 0.26 £0.05 40.77 +3.60 8.00 +0.60
K ixi ] 33.17 £0.05 8.92 +0.05 0.23 £0.00 32.96 £0.05 17.03 £5.54
SRR 33.76 +0.29 8.44 £0.22 0.21 £0.01 75.90 £4.69 17.13 +2.41
EIAL 33.17 £0.05 7.56 £0.05 0.24 £0.00 70.94 +0.05 14.02 +0.33
ie HIIS 380 32.60 0. 81 8.61 +£0.11 0.18 £0.00 50.48 +10.40 11.96 +2.54
E4(sRe] 29.30 £0.05 6.87 £0.05 0.16 £0.00 76.20 +0.05 5.60 £0.57
Z ki 31.93 0. 10 9.21 £0.40 0.11 £0.01 47.56 +5.00 9.96 +4.78
HEW 32.53 +0.27 8.71 £0.20 0.10 £0.00 66.57 +7.38 11.06 +4.06
(&1 35k 087 32.34+0.22 8.01 £0. 14 0.10 £0.00 64.16 +14.79 13.04 +1.38

DAPBE 2,5 57 HPIME, AR 7 A9

B R R A R .
(Dono)ﬂ = (Dono)n

MR8 LR A XA RIS FRE T W D, 5
D_1H.
1.3.4 U R W fh

(1) pH XHUTEH P R 52 Ml

B0.2 ¢ WTAFES 5 B9 DLE AR S LA 50 mL
BDET AL 40 mL B 7K. M40 4
HOIMA NaOH % sk HCl AW pH 8 2. 4 6,
8. 10 F112. 2L0.04 mol-L ™" NaCl SR IH B Tk
FER AR A WAFEE LR 1. A 13 1%
SUTE R I BE Y. b 70 25 B 1 K fif i 20 TR A
BN 40 mL, A IR £ TH IR (20°C ) $iR3% 48 h. &
L, B ETH W E PAY P B

(2) WRBEXT P IR R 52 e ALl 6

Ho.5 g WARFES 5 B9 DL B fh A 50 mL
BB PWEMERANO0,1.0,2.0,3.0,4.0,
5.0 F110.0 mol-L~". L10.04 mol-L"~" NaCl & ¥4
WEFRE RSN (R D). A1 1%
SOIVERANBET]. 2B 048 s WM AR TR R 40
mL. Z3HI7E 5, 20 F130°C 3k 1% 48 h. P-4 Jrks B
WSO B IS AE P A

2 ZERFMTie

2.1 VLHPEESENAUTRR Y BI85 Hr

WA DTRR ) rh 32255 S TTHLBE A AL#E (Or-
P). JCHLBE L 5 MAS A5 (Ex-P) | 8985 (AL-P) |
PR (Fe-P) | HIE&WE(Oc-P) | A ESSHE (ACa-P)
FTEJE 5555 ( De-P) . A%} Oc-P, ACa-P il De-P, Ex-
P, Al-P Fll Fe-P 845 5y g A= W R, B R« 6 1
B X T LR JC HLBE Y B O R, R
5150 AR 2 S0 T Ruttenberg ™ B2 (0 B 42

WOy TR IO WL A i AR R H
WCHE 5 I AT DRI A 1 43 AT
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WA 1 S R BRI Y Ex-P S ATREIRIN A A
K AR I 23 2 RO Ex-P B %, Ay nf
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YL ATE  Ex-P £ 5 ] BB 32 VLI (52 . H B ok
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Table 2 Forms of phosphorus in sediment of lakes in the west Jiangsu province/mg-kg ™!
WA Ex-P Al-P Fe-P Oc-P ACa-P De-P Or-P Jf gfg /‘gc
4% T3] 4.21 6.23 2.69 494. 05 64.00 95. 61 136. 89 1.63
L 24. 86 7.31 8.97 430. 68 67. 12 210. 43 147. 96 4.58
Kixi ¥l 8.76 5.09 3.71 68.31 59.59 118.90 102. 02 4.80
S 18.02 7.50 3.19 306. 75 108. 52 171.99 157. 36 3.71
T 12. 86 5.00 10.98 209. 77 61.15 172.82 198. 60 4.30
1o HS 181 7. 64 7.05 2.57 304. 52 75.56 204. 09 143.26 2.32
BRAFTIE0 10. 58 5.42 22.05 170. 61 37.79 252.22 162. 98 5.75
ZRH 18.00 7.61 79.52 481.77 46.33 312.24 170. 72 9.42
AW 0.79 8.22 51.36 301.78 58.41 218. 68 103. 41 8.13
[ 3¢ 181 1.19 7.61 41. 40 309. 59 67.34 93.56 216.22 6.81
2.2 JLIRPEEASIENAY Bl R O A, HABAIA 34 e Uy 1) 1 3K

TLT3 PG 3 4% 0 10 DA HNOy -N| NH,"-N |
NO, -N 5P0; -P¥ ## & 435 - 7.22 ~10. 11,
31.30 ~ 952.76, 0.20 ~ 23.54 5 2.06 ~ 62.77
pmol - (m”+d) ~' (£ 3). AJLLE H, TLHFUH A WA
DR P R BT E B LINH, -N S 3 NH, -N |
NO, -N 5P0; ™ -PY Uy 7342 B Ui 1) LK
B, BRI A EIR Z 2R HNO, N B K

(1O N [ bR & BT 507/ = 10 =1 G =17 N [ B = R R
B sy HoE mEm. 7 A AR 26 & s
TH U f , AU s e SR B R R, AL
WRHIRE ST, @5~k CO, R NH, 4. MTIT
Ry MR, B o 55 s (0 A O B
LY/ SN ST IND i = (T S el (AR RIS
ORI 52 4 80 A AL & A1

FR3 IIHFADEATRYE SRR HEE pnol - (m? -d) !
Table 3 Nutrient fluxes in the sediment-water interface of lakes in the west Jiangsu province/pmol+ (m?+d) ~!
S| NO; -N NH, -N NO, -N PO~ -P
& Ih it 4.26 +1.21 52.86 £52.31 0.79 £0.42 3.48 £3.45
PR -7.22 +5.62 31.30 £34.52 1.74 £1.11 2.06 +2.27
H i 7.63 £0.41 952.76 +345.58 23.54 £17.07 62.77 £22.77
[0 10.11 £2.04 100.70 £92.35 0.42 £0.46 6.63 £6.08
L -4.98 £0.05 166.08 +0.05 3.03 +£0.05 10.94 +0.05
AW -1.42+7.63 275.84 +130.52 0.31 +£0.00 16.49 +10.98
(&1 35k 087 1.78 +4.79 322.41 +£166.55 0.20 +0.11 17.52 +6.73

2.3 K[E pH XHUTERY P RS 52 i

TE 25°CIRIE S TR pH XTI IR PR 7 41
TR B R 52 m LR 2, R el DL &k B, 55
B OCE BRI pH AR FULEY P IR, pH H 4%
5 MR T AR 0 W 1140 WO R 8 - 32 e YL e R
MU P R AR U BB RRAR. FE P A
P, DU T HPO?2 ™ B HLPO, 5 T ST
BB MM, FERRE ST, PR LA
Bl E KRR T OH™ 5 Fe-P, Al-P J1 Rk
bR A A AT R A AT R SR B T IR
7/ R G T 70/ @ 3 QOB S = 7 N [ i S BT 2L 7/
PIREHOS pH ZEfbma AR A 25 55 FE AR pH
LRV P REHOR T8 pH MR Fo A A
THY R R pH MUY P RSO K T 441K
pH 35 554, R, v BRI UO R P RSl i fe/ )

RSO P ORI, BRI 25 PR RE R IR FE 32 & P
R . TR E IR 2 K A
7K pH fE, th TS 5oH Ot A Mg R, kb
CO, /b, 78K i CO,/7HCO; /CO3™ HYEAT , fdizk
& pH HATFH 2 10, H =& FEA TR Y
W5 Fe. Al Fh R AMEAEM, Hrb Fe(OH) X #E Y
W B F T g B2, X b W BfEAE FH B 8 52 31 pHL Y
soiA. 1N pH (BB, B fRMERY H,PO, STEIGZ A H]
TUURWT P AR, (£ pH {HIF, T OH™ 5
BRER A ZR TN W R AR R BT g AR, OH ™ B 55 5
A ) 2 T W R L S 0 AR TP R PR L
%[31] .
2.4 U EXHTURRY W R 1 5 0
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Fig. 2 Effects of pH on P release from the sediment samples

from the west Jiangsu province
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Table 4  Parameters of phosphorus adsorption isotherm under different temperature conditions

i RIE} R/ Q,/mg-g™! k EPCy/mg-L ™" Quap/mg-g™! R
5 0. 426 0. 856 0. 034 0.016 0.957
g% T it 20 0. 639 1.098 0. 039 0.022 0.963
30 0.737 2.486 0.116 0.033 0. 991
5 0.250 0.784 0. 141 0. 038 0. 994
pALRE ] 20 0. 330 0.874 0.155 0. 050 0. 996
30 0.382 0.977 0.157 0.052 0. 999
5 0.316 0. 654 0.172 0.052 0.993
) 20 0.393 0.926 0. 190 0.074 0.998
30 0. 409 1.231 0.202 0. 085 0. 996
5 0. 354 0. 841 0. 029 0.012 0. 999
e M 7473 20 0. 487 0.987 0. 039 0.014 0.994
30 0.508 1.547 0. 044 0.019 0. 994
5 0.210 0.613 0. 049 0.011 0. 987
ZR 20 0.215 1.089 0. 063 0.016 0.990
30 0.284 1. 113 0. 069 0.025 0.993
5 0.310 0. 680 0.011 0. 005 0. 986
£ 20 0.314 1.017 0.017 0. 005 0.992
30 0. 406 1.389 0. 020 0. 008 0.982
5 0.373 0. 889 0.014 0. 006 0.979
[#5] 458 18) 20 0. 560 0.943 0.016 0. 006 0. 990
30 0. 581 1.728 0.018 0. 009 0.997
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