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% (solubility reactive phosphorus, SRP), 52 £ i AW 11 8 6 i 76 5 IR J5 270 d 475 FER & iy 7K F- A
2, I LA YA B AR X Wl R T IR ATI (A5 R M

TS 78 6 1 AR 8 2 A S 8 2 T IS A R R S R X GRURAE B A A BEL YA L R s BELT 119 75 e R TR T
VERE R M MR 35 )2 B . GU S F R R B, JCYi i A P e 206 10 78 55 A4 L AT 28 X6 s
W 1 BEL 4 A R R W BEE A 3 S0 NHE-N . TN PO -P BB B Uk T 66.0% . 54.29% F1 73.1%, %}
TP ARSIk 42250 100%,  Jf H XT PO, -P BH A ZCR 8 TP %, & i T B & mi o vh il /b ] o
FUNZ B PO; 1Y Fe. ALN o A [ 28 4 A o 7615 Qe AR AR B Ak 2= Wy 5, K 15 e 9y i1 28 7E TR
L BRI K R RS . WANG 250 F YU 2500 (5 BFF 9 43 531 3 B SR 0 o e T 10 = AR gl
KA XIS e SRP B AT RAF A IIEIME o SR, JCIR g 55 i R e B AR B m KRG AT
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(25 8] S B MR o AU /N DR B T 3 A R iR 25, FE RS R 8 N RAFE AL O IR 1747, VM4
17~4"), SAE L Z BB 100 m, B s AL AE BRI A2 5 m o7 AL o X B A a5 AR R R 28
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JE K HIHUHE Psenner 4 22 $2 HUE U BT By v 0.1 mol - L™ NaOHI# Y, #1516 h NS
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Fig.2 Changes in NH,-N release rate and concentration in control and test groups (n=4)
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Fig.3 Changes in NO;-N release rate and concentration in control and test groups (n=4)
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Fig. 4 Changes in TN release rate and concentration in control and test groups (n=4)
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w(PO; -P) - ¥J{H A (2.010.79) mg-(m*-d) ™", kX BB 41 - 34 B B0k 1 21.9%, X i PO;-P ¥ &
0.20 mg-L™", AHLLXT REATFEAR T 98.1%. ik BH S A7 1 Mo 6 A X it /K ] JiC ¥ v PO -P i) b B 7K rh B il
HA RAFrmivE - .

5POY-P B AN A AN, Xt B U b TP NSRS 0 KIF A 2145 2 K AL TR, W
4 K5 Bl A I REHCIRZS , 7858 30 K w(TP) 2 {E ik B (7.63£1.69) mg-(m?-d)™" (& 6). i P
ZH TP i KRBT R (v, (TP)=(34.39+29.71) mg-(m*d) ") I AELS 0.5 K, BEJT wW(TP) B Wi [4A%, 7E2d
2, PR TREIA T 0 Mir. ERREE 30 KA Ve v(TP) SF-¥{E K (1.30£0.68) mg-(m*-d) ',

Sy Kok BE2H S 4 B O R 17.0%, % E7E K TP EE N 0.22 mg- L™, AH L X FRAH FEAK T 68.1%,
2 R K KA,
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= 6| PO PR -4 PO -PXf R4
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Fig. 5 Changes in PO; -P release rate and concentration in control and test groups (n=4)
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Fig. 6 Changes in TP release rate and concentration in control and test groups (n=4)

2.3 BMHAERE IR F E pH. DO ZELHFIE

D) RZIRVEERZEACRAL . 32 1 s T B4 A BR2H 3R RIS e 45 AL 8 b . n] LA AT
FEX R Z IRV TN, TP & & (UL w(IN), w(TP) K7~ , T ¥ 7e g Wrm . 5 x5 A A L,
VB 20 3 2 U8 - 2 ORP AR &1 T 36.7 mV, pH V34 & T 2.6%. M4, BE M4 w(OM),
w(TN). w(TP) ¥ B E AR T X IR, 235 Lo Xt BRZH AR 1 39.6% . 78.6% . 44.9%, UEWIJRLL P HA
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x1 MNRESRREREREESTIRUIER (1=4)

Table 1 Physical & chemical indexes of surface sediment in control and test groups

S pH ORP/mV w(OM)/% w(TN)/(mg-kg ") w(TP)/(mg-kg ")
X REZf 7.24+0.15 —132.7+19.2 3.61+1.26a 3272.4+1249.2a 2 671.9+926.4a
Ve 7.43+0.18 —96.0+38.0 2.18+0.25b 700.5+298.0b 1 472.2+682.9b

e ARFHAERERNEEE, TR,

Ji e IR B R v O 5 I TR S 2 DDA DG, BAR R I ABE S A AR AN,
AN Rl R 2R Te 4 28R/ . BEE A & B0 B FRAE DL IE 7. i &l 7(a) AT KRR U
TN & i b i K AYTE 258 PONGE TN )l 79.7%), H:KJ& DON(12.0%) FINH;-N(6.7%), NO;-
N BN, N 1.6%. Vel B 5e i 32 AL TR Je B w(PON), w(NH]-N) Fll w(DON), 3 35 43l 5t i
TRET 83.6%. 70.5% F165.1%. EICAMFHET M, VEMA A ZEEZEA A TN KK R : PON
(65.9%) >DON (21.2%) > NH;-N (9.9%) > NO;-N (3.0%). #] LLA& i, ¥t 5 € Je # NH;-N . NO;-
N 1 DON L5 4 F, 1fif PON (5 Lb R IR T B 3% M55 — > B Ud WA PR B 3k J5 PON A9 B i 25 B3 o
[FFE, YEBiXTE e AP, OP Fll Ca-P LBRACR B % (K 7(b)), EFRFHHEH T 60.9%. 46.5%.
29.4%., Xf B84 P P BB S5 LMK K A . OP (33.52%) > Al-P(33.06%) > Ca-P(29.20%) > Res-P
(3.17%) > NH,CI-P (1.01%) > Fe-P(0.04%), VEMi41 % : Ca-P (37.83%) >OP (32.95%) > Al-P (23.73%) >
Res-P (3.72%) > NH,CI-P (1.72%) > Fe-P (0.04%). Ve Z 5 EIEH AP, OP 5 b F B Ca-P 5 b
W W, UL BRI X AP, OP Z:BRVE AL Ca-P W K. &5 B Al A, JEAI BB E R A LA .
W 2 BRACR oM I .

2) K-ULAR Y B 1H pH. DO ZEALAFAE o B S 3 4o A8 Hh K R Y FSUE 7E 18~20 °Co % bb Rl i)
Ve M 20 A0 B ZH K -0 AR ) ST pH A DO AZ AR AR AR (K] 8) AT : 3k M 4 RN X R 56 0.5~30 K Y
pH 73 A TE 7.65~7.91 1 7.76~8.02 i 5y,  JEL Ao & it s /K -0 AR W) S 1D pH W& A o, (BB ARIR BEAR K
11T 54 TH DO 78 R ) 1] % 1A 522 20 0 ey R 3 5 YO I 20 7 3 S B Tl S 3 D0 1) | 77K v DO MR B2 T %

wi(mg- kg™) wi(mg - kg™")
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Fig. 7 Vertical content distribution of nitrogen and phosphorus forms in sediments of control and test groups
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Fig. 8 Changes in pH and DO values in control and test groups (n=4)
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BMORTZ, 5530 K, XA PR 4 DO W 43 51 8 5.19 mg- L™ Fi1 7.28 mg-L™'. A LLE Ve i 4
IK-DLRR ) B IR B B R A — o el .
3 g

T A7 Ve B8 5 A6 K TR P8 P NHG-N, POS-P. TP AY B 24 BAT AR G B9 skl /5 L T 6 TN B
MRS o X FER AR T, Bl U i A A 40 S 50 25 SR 5% U AR 1R N g X B R
I 2 AT A G2V VS TR BRI 3 d J5 PO -P 1Y S 24 BRI 2R 43 01 Sk Xt HR U2 1Y 20% T 72% (%) B
R AN 3.7 mg-(m?-d) ™), T U R A R N R AR VR . AR SR VR4 T NHG-N FTPO;-P
TESS 4 RIS 24 B3 43 51 (0.20+2.60) mg-(m?-d)™" Fl (2.71£0.49) mg-(m>-d) ™", Xf Jif 4 Xof B 4 v
NH;-N FIPO;-P B il 3K 43 5l o (224.92+41.62) mg-(m?-d) ' F1 (6.42+1.54) mg-(m*d)'. At Al W, J&
AV 8 08 5 A 7 S 30 P9 X NH-N RS R o 5 SR i TR B, X PO -P 1 Al A% 2R TR A A e g =X
REAR . MNEKIABRKNRE, VBB 30 K w(PO, -P) 4 (2.010.79) mg-(m*d)™", A X}
HEZH 21.9%, I, BEBLE ARXTPO, -P BRI A —Efe Atk XEZRNE, THFESEY
(4 A 5 2 B 8 5T [l 38 A R 8 55 A A A 1 3 T T8 O R A b SRR 11 300 d R T R 4 ) 3k E
0 F11.06 mg-(m*d) ', ARWFFEAEL 30 KEFHEMEAINH-N F1 TP BHHE L 73 5 4 (-6.51£0.32) mg-(m>-d) !
H1(1.30+£0.68) mg-(m?-d)™", 435 K %t BEZH Y 0% F1 17.0%., 7T LAFE H e £ AR X NH-N ., TP B 19 0
RO 5 S B R Y o LAY (RIS E B SR R HE 0 24% A 501 W A 32047 61 2 1) 5 1 48 h s il
il R DL T SRP 1 Mk B FEAR 2 55%, Wk 278 0.016 mg-L™'. WANG 5P ifF 57 45 S =R 0
0 SO 2 10 - [ 2 70 d S ATl SRP ¥ EE R M 0.021 mg L', ASHIFSE Hh B 52 56 30 dinFPO3-P Hk Ny
0.20 mg-L™'. £ LA, VRN A . BRIy RO 5 B a5 R T vk R 0 8R4
U, TSR T AR B

JEASE Y M AR 32 B2 3 2 ATy 1A e UK IR e A R G A . e, IR BOR BE S X IR
Ph A HLEBEY R LB, TR ERIZIKTE OM, TN, TP EBR5ER] T 39.6%. 78.6% .
44.9% . KA E IR 5T 2 B g T 2 TR R R 0 TR A A KT R B A R R R P SR T A
IR, KL, W5 TNH;-N, PO -P (R, FLAARMIF . Velidl %25 Je ' w(OP) Fil w(PON) 43
F L XT REFEAIR T 54.76% F1 85.18% ., VLAY OP T ZE N BEIR SRR . BEIR M5 . AEWEIR 3h MR i iR
HAEAYEE A Y, B 3 BRI R B R A U AR A SR Y, R PON i 2 2K IR TAE Y
A A A 16 B BT 7 A A AL I AR R PO S B g o R P TR R B fr 1 R DT A . L, VR R X
PON. OP ML BR AT R AR IEH m EAUE A . B, MmxT s A . SR R ¥ — 2 50 .
25 Uk WS 1Y IS U th TE HLIE BB (AP, Ca-P) #l OP & 5 AH L X BRI A BB AL, AT i T pH.
DO 85I S5 E R A s, DL h AR R AF AR B A AUE S m AU S WAk . BRI, Pei i 72 b i
WA Z AL 2E A0 Ve AR EL D BEAE R T REAS 98 £ %, oW TR BRI T BB, B U i AR X IR
(4 VE FH =5 22 22 B0 1 B 0 38 B RO 958 20 I I R R A1 G W 1 40 B, T A B B b R AR A2
N7 T R UL R A R R R i AN B

HY, AR FTH DO FIZRJZ KT8 ORP HAT — & M A o e M 4H 0 ) IR 20 % A g ol 552 56
W 2. B RO R S K- BT A BT T A SC A s SR L 26 20 Hi R 2 vl K -ULERY)
B DO W JE 5 w(NHI-N), w(PO™-P). W(TP)7E 0.01 /KF 52 B E ML, MHERE D MNER T
~0.312, —0.417 F1-0.471, PEMidl DO ¥k i 76 5 A BE O 0] 24 5 X RRZH, JUHAESE 30 KRB Ra e
By B BF DO 4 7.28 mg-L™', A FbXF MR 4 T+ & T 28.7%, [Al ih % J2 Ji$ Y8 ORP i —132.7 mV #2 Ft %
—96.0 mV, & B/K-UTRY) AT 938 B A BT 9 B B o3t . AP SRR, K-UUB B im DO R R
o AT DU HE I U T NHG-N SRR, (8 ZRAE IS U8 TP B AR e o AR5 v kB 4 55 0 B 4 pH AR
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TG A 7.65~8.02, AP EREE, H & 3(a) A 45 5 AT 4158 B 40 NOS-N 18 JEiE U8 Hh W B i 4%
XTRRZH T B, 3k A o5 — A A BEUE W] T RS A0 AE P A 3G 5, DT okt S5 T 4 A i i 2 35 1 5 8 o) 41 o e 7
HINH;-N R A — A ER . R B R 2R U8 ORP By 4 &5 B bR 3 30 40 0 IR A5 9 i pl Sk,
Fe® A R T 25 5 W B AE DU b i i AN A Ak, T S e v Fe-P BRFRE o SR MIAS 5% BT 6

K] JES I8 P Fe-P 5 12 7K S A% O 1R 2H R0 % i 4H w(Fe-P) YU 7 0.40~2.43 mg-kg "), PRIt ixX Fh 4
I ARG DA

Britz4h, pH X UL Y HINH,-N, PO, -P BB A —& s m, Aot K., m&2 a7 H, 5
il pH 5 v(NH;-N). w(PO; -P). w(TP) & B EF M AHC, JF H pH 5 DO Z[H £ B & EAH K. pH B9/EM
T BUAE X NH-N W R 50CR B 5 i, NH-N AT I BRE7E OB 4 mht 67l 04 J AR SR L, 3o 7 i o
VEFBE S DU b HHG 2 7 26 1 5 4 800, T Wi 55 o DR, pHL T i X RS 8 P NH-N B e B A
— MR . HR TR Y b RS AL A0 B 3G PE S pH B DI ARG, pH>8 ok pH<4.5 B, ffbfEAIH AR
REHEAT . AR R, — & K N UUR Y i b 3 78 pH o 7.5 B Al 3R 8 B KAE . A5
VEMLHT S pH 24 7.65~8.02, pH Fh & S i XA A A FHAA — s i AE T, DTG NHG-N RS 7k 28 31y £2
PEER o (EHIGHE A 45 SRR, pH AT NH-N B MR B M ROR, Sfe X b pH ZKCSE T I bt
B X NHE-N B Jif 5% 0 7] fE 50 K. TS 8 A7 78 NH,CL-P, 33X &5 20 B AL B0 BFFE DT AR S 1, X pH 28
i U, Rt pH T [RIRE A R T H BORRAE AT X POS-P B T80™ A — @ I T o IS Je v
Ca-P Fll AL-P X 51 pH A2 AR A BUR, i TR M S (4 A ik 25 4 s B (b W O T i . SR T AR F 5
X IR UE pH ¥R F 7, HLURBEXT pH St 28 - ANBH o BRI, PRIBERE Y pH AR 4 X} Ca-P il AL-P
BEHICRE A P BEAS K

*2 BREABRE. #FHEE SR EF Y Spearman 18 X B (1=69)

Table 2 Spearman matrix between nitrogen & phosphorus release rate and
environmental factors during test (n=69)

UINE| pH DO VINH;-N)  v(NO3-N)  Y(TN)  y(pO}--p) v(TP)
pH 1 0.737%* —0.535%* 0.408** 0.066  —0.458%%  —0.338**
DO 0.737%* 1 —0.312%* 0.102 0.121  —0417%F  —0.471%*

VINH-N)  _535%%  —0 3%+ 1 —0.394%% 0227 0.295% -0.162
V(NO3-N) 0.408%* 0.102 —0.394%%* 1 -0.025  —0.411%** —0.340%*
WTN) 0.066 0.121 0.227 -0.025 1 0.015 —0.049

3_
VPO™-P) g gs5g%x  —0.417%x 0.295% —0411%* 0015 1 0.545%+

W(TP) —0.338%*  —0.471%* -0.162 —0.340%*  —0.049  0.545%* 1

W *FIRP<0.05, **FRKP<0.01,

4 g

1) JEASE B R B A X /K T IS Y P NH-N . PO ™-P A1 TP A RSl B A W S A3k /6 . e 4 7
TR0 52 56 575 30 K B 78 UK R NH-N S 2 B8 i3 % (—6.5140.32) mg(m*d) ', NH;-N V-3 B
0.52mgL™", XN RET 89.4%; PO, -P il TP 24 B it ¢ Lb X REZAH B I T 78.1% F11 83.0%, I
Bk TP M R 022 mg L™, BXF BT T 68.1%.

2) e i J5 2R JZ IR U8t w(PON) Fil w(OP) 43 5l 2 X BRI AR T 83.6% Nl 46.5%; i 25 F il 55
30 d B 7K -UU AR AL 1T DO HR IR E) 7.28 mg L', FEZETEH ORP 2 (96.0£38.0) mV, %% FR 4 1
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T 27.7% JRALUERG 3 2GE T OK-DUERY) Bt R Ak SRR, OF HaEd X R P A HLA . B TR
KBR, ABEWH TNH-N, POy -P [a] LK o BRI
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Effect of in-situ physical elution technology on release features of nitrogen and

phosphorus in the sediment of Liangshui river
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Abstract In this study, a new in-situ remediation technology-in-situ physical elution technology was used to
conduct the inhibition experiments on nitrogen and phosphorus release from the sediment of Liangshui River.
The in-situ samples before and after elution were collected, then the lab static simulation tests were also
designed. Variation characteristics of contents and release rate of NH;-N, NO;-N, TN, PO; -P, TP in the
overlying water of the elution group and control group were analyzed. The results were showed that for the
elution group, the average NH,-N release rate from sediment to the overlying water was (—6.51£0.32)
mg-(m*-d)”" on the 30th day of the release test, and the average NH;-N concentration in the overlying water
reached 0.52 mg-L™', which decreased by 89.4% compared to the control group. The average PO -P and TP
release rates decreased by 78.1% and 83.0% compared to the control group, respectively. The average TP
concentration in the overlying water reached 0.22 mg-L ™", which was 68.1% lower than the control group. The
inhibition of NH;-N and PO -P release from the sediment by in-situ physical elution technology is mainly
realized through the reduction of organic nitrogen and phosphorus substances and the amelioration of reducing
environments in water-sediment interface.

Keywords in-situ physical elution; sediment remediation; Liangshui river; nitrogen and phosphorus release
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