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F43 70 T HASRELLE - AR S5 A A PR R . SRR IR VR L BT, AN BE S Bt bR Y
YRsi A, REfe B A S, WA RS RS, RIEL 4620 | 2 RPN siR U A
PEMIFIR B, 2SRRI 2 PR IS S S VN KA IR 2 B RICUE . SR S B
VI LM ek R AME K AAE =, S5 FR IS Ue il B e R 3 =, JFPEmra AL
WRE, MRS 254K . BRILS 4607 78 38 [ 5 B 22 NI B2 v v FH R TR NI R = ph Sy G, #a ey
TR . ASHISE AL 1 T AR FIZEIRE TS, SHIRVEZ + T ARG B Y AR b
FRRBSOASE TIF9Y, WAEASEIZE IR e S S i b A R 2%
1 MRS5S EZE
1.1 HERESE

S+ TS B A FEBE A IETIEAR R A ARA B1°34N, _117°28'F), (iHififiZy 37.16x
10* m?, HFHHESERIE 30%10* m®, + TAFEEHIA% A 30 mx20 m, JAJRMEISEEZ K 1000 m®, BEEEE
(Polyaluminum Chloride, PAC) FEAL A A FIE AL, RINIGHEE (Polyacrylamide,PAM) FZE
I N SE IS E N IR e . 462457 PAC H1 PAM it 080 9N 5%0. 1%0, T S5255IBC L3510
30:1, 10:1, [FZ5EIAZR 10 ANH, FIS5RERIES KRR 42.50%.

FEEASRIR BRI 6 MOt T84S (BRIl B SUPE 1), RIFFERREERS (D 85 mmx
600 mm) REELKZE (0~10 cm) Yebt, 5 MRS 1~84% 6, TEHERIZHORFE SR RIRIE AT R, B
i3 RE R SLE . FEAIRATG MR IC A B 4SS A DA ORI A e . [RIE
PRI — A IR RR AR R AL IREE S, ARIRAEE Sy [RISEE0 22 A1 fa RS
1.2 KRHFRWMSEY

FREL (0.500£0.000 2) g AIFEE 5 A LSRR TRAESLSEA 50 mL BROME.OE R, MDA 40 mL
WA R E N 0, 0.01, 0.02, 0.05. 0.1 02,05, 1. 2. 3. 4. 8. 12, 16 mg-L ' WbpiEmsmREh s
W, VI pH M (7£0.03) BELWIKBRBRUE , [HIRE TS 24 h, RIBHEHEE b O E Rl R Ek ), R
Ve AT, ISRV L . BRI, A3 RCYE BB R A T (EPC)

TURMIRII A6 o i e AN RV A RERREL DR M i (Qe, mg-g™) T UL (1), Langmuir-32 U
PRI )P, FEALEAE TR AW B ASEE (NAP) THE L (3)™),

(Co-C)V

0. i (D
_ QmKL (Ce - EPCO)
Q.= (1+K.C.)(1+ K. EPC,) 2)
_ OnKL EPC,
NAP = T+ K.EPC, )
K. C, AWIIABHRENATR I TR E, mg- L™y Ce MWMHETURRY) ISR EWRE, mg L' VA

B E PR R M RT, Ly M ORMFRETER IS R, g O, MBEERRIM &, mgg's KN
Langmuir W5 4%, L-mg™; EPC, AUTEIRTBEIM B/ fEIGA B i BT kT, mg L',
1.3 - [RRBERUNE A

AT R S AR IR A K e, VREEZRIZ I 1 L i UEE Rk, TSR HkRR
WIRTRE, BRARGIRAE, 78 10, 20, 30 C &1 T, XESIRRHITHESRBEER . 230E 0, 6. 12, 24,
36, 48. 72, 96, 120, 144, 168 h 7ESEUTK—UTFY) ST R FHAT WG4 B A KK, BRI 50 mL,
ME B, A5, HSE. B, REERIREL.

FIFZKFER SR BB IRE n /K- IRV A -h EB R BAR AR (4),

(Co=C)+ Y Vi =(Cpi = C)
-1

r=V A1 “)
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A r RIEP A BERGEA, mg(m®d)"s VAIMAJRR T EEOKIAR, Ly C,. C, F1 C, 2354
n K. WILRHIER j-1 YORMERTIEYI BT B MRS, mg L5 C, /K EErf BT iR P Jot 1 BT it e 2, mg- L'
Vi HE j-1 UCRFEARR, L; A JwK-JRTRSA R, m*; ¢ R, do
1.4 HEERAES SR

JRAGEAE AL PR P AR ] Excel #5800 SR i ZAA 1T Origin2021 A58 ;
ST SPSS #1458 %

2 GRS

2.1 EERIRRREARBUAFE

BRI VB 245 A% 8 45 e AL MR TR AR AL R AE AN P 1 Bii s o 145 )5 IS U pH /R [6) I A1k, pH A
6.35~7.03, FJEH 6.60, BLRNCIRLELEEZESAHLIT (organic matter, OM) FiiE 534K (2.26%~2.56%, 3]
{H°M 2.38%) F1 TN(1 713.51~1 785.63 mg-kg ', YJ(E N 1 756.75 mg-kg "y 4 | B, AL L 6 HAE LR
(OM) FILEVE (TN) 230510 2.26% . 1 713.51 mg'kg "', FEKT 15.67% . 5.87%. HETAN OM ) L KR
4, FEMEZS5] PAC HRAEEARAE SR A R RSB A A PO AR . PAM FHIBEILREIE iU A, SR
H B PR = A s 7, (RIEER 2R 2P0, IRV TN Ik S5 8 ek it g . B AU ¢,
ARV H Z AL AN S ARV E RS SR Ve Hp &R P2 (R EI 45 5 B8 (TP)(400.00~495.48 mg-kg ',
YIE N 437.41 mg-kg ") T, A48 3 B TP B, M 49548 mgkg ', BANNT 34.68%. AIfgSEH TUEH T
BRI S R, TR T 2B AR T AR R B TR RIUR T A IR SR AR A [
LYY, (HAREZE SRS TP ¥4 K (45 )5 ISR BRI & 80 T, IR 43 5I7E 11.66%~6.05%
3.05%~8.14% ., BRAERFRPETHE R PAC A1 PAM Ha A/ DEAVEANES , @453 RE b ok e e
W, R BRI R T
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Fig. 1 Changes of basic physical and chemical properties of the sediment before and after solidification

22 EERRRERMYHESE R RERE

BRTE T 145 5 e X TR ) S-S T8, AU Freundlich #3741 Langmuir 38 SUBSHDGSL 0 E R
G, Z550L3 1. Freundlich BEMIA S AIE R E R? M 0.993~0.997, Langmuir 38 XIS JFAIE R
R 24 0.995~0.998. HUAHEIT Freundlich A8, 245 REEH 4fH S Langmuir 2 XHIHATHIE, XK
(1235 5 SR X R WS T80 2 MY, Langmuir Z8060 BT FAS L i W (0,), R
P & (K 2). BE5RTRIEHERWM & O, I 0.66 mg g™, [H45)5 O, F 0.816~0.945 mg-g™',
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B} 0.890 mg g, WLESEEIRIEXI BTSRRI, Ve O, ¥R FTEER, [EZ5/5)EUE pH BT,
AbFESmRMEIA S, DRI A IE R, BEIRIR E 2L HPO, TEaArrE, IRV A Y I FLfar 23335
Xk A R far HPO I BT, NAP Ry JEA S A 76 DURR W v 04 W B A B 5 . 145 RiIC I NAP
5.08 g-kg !, [E45/E NAP Ky 2.65~4.49 g-kg ™', H{EN 3.54 g-kg ' EPC, JEARUIEN S [ AKBEFRER A S
MPP-frt DK B R BT R, EPC, MR IS TeB RO . [RIZERTIGYE EPC, A 0.065mg L™,
45JRJEJR EPC, M 0.033~0.063 mg-L™', HEN 0.042 mg-L™'. B THELERTEIE EPC, FRIRL 1.58 4%, X
W [P 55 B AERHEX PR BE RO A7 1 . R 30 NAP ST EPC, S IEAHSEMIE R, X 52 SCH AR ()

AR

=1 RIS N F IS

Table 1 Thermodynamic absorption fitting parameters for phosphorus in surface sediment

RZ
Sl 0./ (mg-g") NAP/ (g'kg") EPC, / (mg-L™")
Langmuir Freundlich
Fo A2 0.995 0.994 0.660 5.08 0.065
=2 0.996 0.995 0.930 3.76 0.045
B2 0.995 0.993 0.945 2.84 0.035
H4%3 0.998 0.996 0.817 2.88 0.063
BA4E4 0.997 0.994 0.894 2.65 0.034
EESN 0.998 0.997 0.936 3.08 0.038
H4%6 0.997 0.994 0.816 4.49 0.033
0.5 0.5
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Fig:2 Phosphorus adsorption isotherms before and after solidification of the sediment
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BB IRIR A AR LS n, AUEE (NH,-N, NO, -N) HIJEL (Labile-P, Fe-P. AI-P, Org-P. Ca-P,
Res-P) AASEAIE, 45500E 3 FR. [FESHURETE [NO, -N] F1 [NH, -N] 284 19.42 mg-kg ™' . 151.06 mg-kg ™',
[ 45 5 [NOy -N] A 19.36~22.88 mg-kg ', {H K 21.00 mg-kg ', Jold 34 fk . [NH,-N]H~ 10.21~
3720 mgkg™, BMAEN 20.45 mg-kg ', WEFHK, FIFEEDN 81.21%, [NH,-N] FERHYERY, ke &
AREMAY), HARIE A RIRIe AR K FIEBUK D, HAEMAMR G REME . AR L
IR R SRR Ie 2 ARE5 K, SEURTE R K FRIBK rhZ AR, B 2SR R, &

BRAICR I R,
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Fig. 3 Nitrogen and phosphorus morphological transformation characteristics before and after solidification of the sediment

JEJRH AP h FEMBHIES, HIK N Fe-P Fl Ca-P, Hci/rilh TP 49.39% . 31.83%. 16.88%.
[E 45 5 S A8 IR P bR Org-P #b, Labile-P, Al-P, Ca-P Fll Res-P JFim /3 %35 FHi5 . Labile-P J& fx AN E Y
WY, HZIBEemiR R, SR A KA TR s 255 EEUE Labile-P BT 80, frems
B4 2 M 087 mgkg™", HINT 21.43%. {H Org-P g/ BF4AI8, BARREIRANELE 4, FRIKT 85.69%. Fe-
P AR S SR s AT ) SRR S A e AR i, A2 R BRI R R S L S s, YU T AR I
SRR SRR Fe BRI R Fe*', Fe-P ML=, 52 45 R b b B, AL-P 24851 AL
DAL S, 1 pH AT rERT, AP Bhta@t, [E45 )5 Fe-P Fll AL-P Jim 5ot , fEisas
3 1 Fe-P Fl AI-P 4084351 60.99% . 74.09%. Ca-P MEJFFaE, —MB E A APEREY, MELIZ SRy
TR, ASEIRTRSEP AR, AR HAMIES NS, F455 Ca-P B ndch
61.98~76.12 mg-kg ', #IELERIHIHIFEA 0.85%~14.18% . Res-P IEANSH YA, WASKTHER R
HOR . 455 ETE Res-P B34 43.09<48.94 mg-kg ', YH{EH N 46.22 mgkg ',

Labile-P, Org-P. Fe-P iX 3 FJESHIBHEICIR T St AEWFIAL, A PRIGTERE (Mobile-P)*, HAE
BRI E B S TUBIZS & 1855 o S0 FUISOPAIC e RO B 2EdE bR, 45 HT)CUE Mobile-P JiT
OB 124.96 mgkg™, 5 TP M) 34.32%. 145545548 Mobile-P i34k 109.75~168.00 mg-kg ™',
PUEN 126.21mg kg™, TP B9 29.24% . [8145)5 IS IRHL 45 HT Mobile-P (5 TP [ HLEREAIR, BES5 SR
TV REORS . AT RES [R5 P ICH L M R S A G, S5 IIRIEPES . 80 Ca-P, Al-P i
BN, B TR U PTG TR R
2.4 ESERRREARIRE ZMH TR

1) NIRRT R s e ik AR b . ARRIREE S T, ARIREE B KH TN, [NH,-N],
[NO; -N] AL 4 s, JIEPerh Al EEDK PR, 10 °C #1130 C 4FF TN #1 [NO; -N] B2 8
IR MR, TN 75 72 /NS R IORMA, [NOy -N] 745 96 /NN =i KAE . FEAHRIN T BT,
TN il [NO, -N]Z&HIH 30 °C KT 20 «C. 10 °C, HFE 20 °C Ml 10 C HERA T, LAEAKH TN Fl[NO, -
N] 2253 AK TN Al NO, -N SEEIBHGE R RN 30 C>20 C>10 °C, NERETEFEUEETH TN A1 NO, -
N R, R R SAE TFE AR AR5, SRR T [NH, -N] (Ao & 2y, oA
TERLAEE , SFEEIBEHGHE R 30 C>20 C>10 C. Za %M LA SR T NH,-N SEBGE F N 32.44
mg-(m*d) ", [FELEE SRR T NH, N BB HGHE R /N 5 mg-(m*d) ™", BIRIEELSERART NH, -
N RIS .

FERFRBESRME T, HREE AR TP, SRP ML 5 fin . 7ERIRBESRIF T, SRP Ab Tk
ARZ . _EFEKH SRP 4 0.045~0.127 mg-L ™', PIEH 0.089 mg-L™", [H45EELRIESIRT-ATHE EPC, 24
{54 0.042 mg-L™", SRP>EPC,, MUKW &K SRP, 7E 10 °C 130 °C 4T, TP I SRP #&{k
YRR R, A AI7EsE 120, 168 /NFREERAK. 1F 20 °C 44, TP 1 SRP JER#I/5 T, TP Al
SRP 3 HI7ESS 12, 24 /NI FRAK, 7E 10 °C. 20 °C. 30 C &4 F, TP FEHBIE R IR 226,
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Fig. 4 Nitrogen release characteristics at different temperatures after solidification of the sediment
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Fig. 5 Phosphorus release characteristics at different temperatures after solidification of the sediment

-1.59. —2.70 mg-(m*-d)™", SRP FHREHGH R N—2.27, —1.28, —2.73 mg-(m*-d)™", # TP il SRP ¥}
WSGH A 30 C>10 C>20 C.

2) BEHUG i e U i o B SR AR ALRAE . 2SR RIREE RS , e ALt B AR £k dn
F 2R, fE10°C, 20 C. 30 CREFRMT, BUG RA S & R (IR 5148 19.78%. 25.03%.
27.51%), MR, (FLEBE & s LT GEIRARIN 7.20% . 1.79% . 4.48%).

BRI RRERGUS , KR ABIESZREE 6 Prn. BT, JIKUe [NH,-N]. [NO, -N]

*2 FRIREFRN TRRRRESREEU M R HHE

Table 2 Changes of physicochemical properties of the released solidified sediment under different temperature conditions

SEIGA TN/ (mg-kg™) TP/ (mg-kg™) OM pH

X R 2 1 898.76+49.38 436.10+9.55 2.45%+0.27% 6.99+0.29
10 C 1523.23+37.68 467.52+28.14 2.77%=%0.28% 6.62+0.12
20 C 1423.51+27.99 444.49+26.64 2.62%+0.17% 6.38+0.07

30 C 1376.48+24.37 456.02+8.30 2.79%+0.20% 6.51=0.28
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S350 12.89 mgkg ' 22.72 mg'kg o SRR SRS, [NH,-N] Fl [NO, -N] SRR -5 .
TE 10 °C. 20 C. 30 C &MFF, [NH,-N] 73T 1.07. 1.10. 1.03 f%, [NO,-N] 4331 1.53.
1.33, 1.01 &%, REFEXSEJe [NH, -N] 284 T 2520, {H [NO, -N] HIRFEAL, S nl g e
HEEJRH NO, =N [f] F /KR,
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Fig. 6 Nitrogen and phosphorus morphological changes in the bottom sediment after release under different
temperature conditions

BB W& R K/NRF N . Al-P>Fe-P>Ca-P>Res-P>Org-P>Labile-P. H:f, AL-P 5 TP [L{H K
439%~47% ., ZAFERFERIE Ca-P. Org-P. Labile-P JEHE4ME Y TP HEFHE, Res-P FEAFI4%ML. B
JiHif Ca-P., Org-P. Labile-P /i TP HAESMHN 14.43% . 2.37% . 0.16%, U5 10 °C. 20 °C, 30 °C 4 Ca-P
b7 TP HAE 209K 16.56% . 16.04% . 16.56%, Org-P /5 TP At 518 3.04% . 5.96%. 5.87%, Labile-
P 5 TP F(E M 0.21%. 0.21%., 0.24%, HAE 30 °C 54 Ca-P, Org-P. Labile-P /5 TP HfEIER K.

FEHCHT Mobile-P Fii4340h 125.93 mg-kg™, 10, 20, 30 C &4 FRUG Mobile-P T /04053 5k
133.45, 140.05., 144.99 mg-kg ', BT Mobile-P Fim /- Eul ik, BalEs514 5.97% ., 11.22% ., 15.14%,
MRS T e RS, FLIEE R RS A
2.5 EREGETNTEARIRKIEE TR

AFK L FEDK TN [NH,-N]. [NO; -N] ZB{bAiARInIE 7 s, FEAK—UURIIAR R, DR
T AR A S BRI RIBK T, BRI B A LK, (AR h R RN, AEK—IT
B, DO EBK A, B AR AU R IR, 41 BBDK TN SR 28 T
R AR Y B Bl AR AS . WHESS LR GK B T & vk BE WA o AN ) K e B X I A JB A R RE R AR S B Ry
(5:1)>(10: 1)>(20:1)>(50: 1), 7ERT 15 K, 4541 [NH,-N] Fl [NO, -N] ZEfLHEAR—%, Il THms-Fef-T+
EUH SRS S AR KN 5:1 40 [NH,-N] F1 [NO, -N] 755 3 JakBf, Hgy 3 41490555 1 K
BN, AE 15d Jm, 4541 [NO, -N] % 50: 1 4M471E, B [NH,-N] 360K
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Fig. 7 Effect of different water-soil ratios on the release of nitrogen and phosphorus from the overlying water after air-drying
of the solidified soil
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Fig. 8 Effect of different water-soil ratios on the release of nitrogen and phosphorus from the overlying water after
air-drying of the solidified soil

FASELEHRIK 20 d 5, JRIREBIRAAIE SRR NER 3 WR . SAEREURIRTEH [NO, -N] 3,
HAE S K OB, S REiRL Sl 50:1, HEhIT 27.51%. KR4i%) 5:1 &b, HA ] [NH, -N] ¥
FXTHAA, KA ol [NH,-N] BRI, e RRRIRALR, 50:1, TR 82.73%, M TXHRALR/K)G
Fe-P 1 Org-P i 34Uk, {H Labile-P #l Ca-P JJii /-4t /KA LR IEIerh Fe-P it o35 i
K, EKFEIRAHHR 50:1, BT 9.22%. 24K LR 20:1 1, Org-P B8Rk, BT
54.41%. ¥R Fe-P ¥ /b i IR Al B AT 132K G I TR AL R A R A As , Fe¥' i) Fe* ik, ik
Fe—P HWiZ4, Labile-P Fll Ca-P Mg/ BABE/K 1 g K, SRR 501, Zlbem T 2.4,
1.07 fi%. Labile-P i/ BN F oI gESE, #/> Fe-P [n] Labile-P 41k,

3 BN ENEIK X RBRSHIFA

Table 3 Effect of different water to soil ratios on nitrogen and phosphorus morphology

after air-drying of solidified soils mg-kg
Sl [NH,'"-N] [NO, -N] Labile-P Fe-P Al-P Org-P Ca-P Res-P
MHRAL  292+1.6(b)  27.7%0.6(c)  0.5+0.1(a)  186.7x1.8(a)  214.4+1.1(c)  38.0432(a)  64.2+0.5(d)  38.742.3(a)

5:1 41.1%33(a)  273209(c)  0.9+0.1(b)  1792+1.4(b)  216.6+3.2(b)  34.6£7.7(b)  65.5+2.1(c)  38.3+2.1(a)

10:1 . 27.9403(b) ~ 293+02(b)  0.9+0.2(b)  178.542.6(c)  218.749.6(a)  19.747.6(d)  66.6£0.9(b)  38.1+1.6(a)

20:1 15.1£0.6(c) = 30.2£0.6(b)  1.1£02(b)  171.442.7(d)  202.2+2.3(d)  17.320.9(e)  68.542.3(a)  36.4%1.9(c)

5011 5.0£0.2(d) | 382+40.7(a)  12403(b)  169.540.4(c)  197.6+2.2(c)  28.4+0.4(c)  68.6+1.3(a)  37.2+1.0(b)
e ARIFHFRARAR S HABIE S S A B2 R (P<0.05).

3 &hig

D) FRIERAEASFELE S, OM(2.26%~2.56%, H4{EH M 2.38%) Al TN(1 713.51~1 785.63 mg-kg ™",
{EM 1756.75 mg-kg ") ¥ FFE, (HEZSEUE TP BB TS (400.00~495.48 mg-kg ', HIAN 437.41 mg-kg "),
HEEN 6.53%~34.68%.

2) JERVR LS R i KR (Q,) M 0.816~0.945 mg-g™", HH{EN 0.890 mg-g™', AT HLEHT Q,,
T 34.85%. {HE%EfE EPCy(XIMEN 0.042 mg-L™") FEAIK, IHELSATZIREAL 35.38%, X RBIRIR R4S 5 FFAIK
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3) [E145/5 [NH, -N] FA%, “SFEIRIE N 81.21%, [NO, -N] Li#E751k, Labile-P, Fe-P I Al-P ffift />

BT, S RBEmZy 117, 1.20, 1.49 %, {H Org-P Fuit /MK, SRR LS 4 BEIRT 85.69%.

4 FEASIRESRIET, FAATRHCIRE, FXRHGE N 30 C>20 C>10 C, SRETE eI+

R, HPh AR/ T 5 mg-(m®d), MR TREZEIRIRAFEL 86.13%, [FIL5EHALT NH, -
N BB . (EBRTIRICIRZS, TP Al SRP SF-EIIGHER 30 C>10 C>20 °C.
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the soil consolidated by geopipe bag method
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Abstract In this study, the geotechnical pipe bag method of dewatering consolidated sediment was used as the
object to analyse the nitrogen and phosphorus morphology and release characteristics of the sediment in the pipe
bag before and after the consolidation of dredged sediment in Chaohu Lake. The impact of geopipe bag
consolidation on nitrogen and phosphorus transformation of dredged sediments and the risk of release was
studied. The results showed that, compared with the original sediment of the lake, the organic matter and total
nitrogen content of the solidified sediment decreased (organic matter decreased by 10.87%, total nitrogen
content decreased by 3.50%), but the total phosphorus increased significantly (increased by about 18.89%).
Meanwhile the maximum adsorption capacity (Q,,) of solidified sediment increased about 1.35 times compared
with uncured sediment, which was 0.89 mg-g™'. The isothermal equilibrium concentration (EPC,) of the cured
substrate. was about 1.58 times lower than that of the substrate before curing, indicating that the risk of
phosphorus release was reduced after the substrate was cured. Nitrogen and phosphorus patterns showed that
ammonia nitrogen content decreased after curing of the pipe bags, but nitrate nitrogen content did not change
significantly. Fe-P and AI-P in the cured substrate increased by about 1.20 and 1.49 times, respectively,
compared with the unsolidified substrate, while the Org-P content decreased by about 71.60% compared with
that of the pre-solidified sediment. The results of static release showed that the nitrogen release from the cured
sediments increased with the increase of temperature, in which the ammonia nitrogen release rate from the cured
sediments at 30°C was 3.31 mg-(m*-d)"', which was about 10% of the uncured sediments in the lake body.
However, cured substrate phosphorus was in the uptake state, with the maximum phosphate uptake rate of
2.74 mg-(m*-d)™" at 30°C. The above results showed that the total amount of nitrogen and phosphorus in the
cured substrate, the active state and its release fluxes was all reduced, with low risk of re-release.

Keywords Chaohu Lake; geotube bags; solidified sediment; release; nitrogen and phosphorus forms
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