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Bt 2 1N 182.78me/kg AH LEXT AL VS+CRC-700 AEHE iR I 2B ke v = 1, 389 0 5403 />R T A B AU AR =2 B2, 43 T T 16.56% 11
33.33%.1X L6 45 YR W, VS+CRC-700 T WK —Fh B H AT 95 7 100 Tei A P 5 /K A7 5t B AR I 45 1 95 7K 30 0 4 A R K AR I TR PR L.
R, MRKER; b W Smi BEA

FESES: X52 XERFRIRED: A XEHS: 1000-6923(2025)05-2780-12

Modified red soil combined with aquatic plants to control sediment phosphorus release. ZOU Lin-xi'? LI Dan-li'?, CHENG
Kang-long'?, ZHANG Yu'?, ZHANG Wen"**" (1.College of Ecology and Environment, Chengdu University of Technology,
Chengdu 610059, China; 2.Key Laboratory of Collaborative Control and Joint Remediation of Soil and Water Pollution in National
Environmental Protection, Chengdu 610059, China; 3.State Key Laboratory of Geological Disaster Prevention and Geological
Environment Protection, Chengdu 610059, China). China Environmental Science, 2025,45(5): 2780~2791

Abstract: This study utilized natural red clay (RC) and 700°C calcined red clay (CRC-700) to form treatment groups combined with
submerged macrophytes Vallisneria spiralis (VS) and Ceratophyllum demersum (CD), aiming to develop a treatment technology
effective in controlling sedimentary phosphorus (P) release. The results demonstrated that the VS+CRC-700 treatment group
exhibited superior performance in reducing and removing sedimentary P compared to other treatments. Specifically, dissolved
reactive phosphorus (SRP) in the overlying water of the VS+CRC-700 group was significantly reduced from 1.38 mg/L to 0.024
mg/L compared to the control group. Additionally, the concentrations of Fe(II)-P and iron-aluminum bound phosphorus (CDB-P) in
different sediment layers were maximally decreased by 94 and 488.03 mg/kg, respectively. Meanwhile, the VS+CRC-700 treatment
markedly enhanced P immobilization in sediments, with Ca-P content increasing by up to 182.78mg/kg across sediment layers.
Furthermore, microbial community analysis revealed that VS+CRC-700 increased sediment microbial abundance by 5403 units,
while reducing the relative abundances of Proteobacteria and Bacteroidetes by 16.56% and 33.33%, respectively. These findings
collectively suggest that VS+CRC-700 represents a cost—effective and high—efficiency technology for improving water quality in
P-polluted systems. Its application demonstrates significant potential in controlling sedimentary P release under weak hydrodynamic
conditions.

Key words: black odorous sediment; red soil; Vallisneria spiralis; Ceratophyllum demersum; phosphorus form

B (P) i A AT Rz il U = TR A
TSR B AL R R R 2 PRI R e D)
Wi A R AN L BT RE AT R BT
PR P OB AL AR, BRSO U6 B2 N 1
PR EE I g A i BRI AL 1A BRI
W A S U6 B A o i) 2 U AR
N T BRI, (B S 3 DU A 25 R 4k
JRABR A A R 29858 BUEDTRR ) PR TEUX

Iy Sz i 48 002 1S v B AR i P A SR ) B
PR B O TR A BEERY VR SR b

s BE: 2024-09-13

EE&WH: BEFEORRIFES R H (50578020); 5 H AR Bl =4
(42377082); 1K ZZERBE LR A7 4 58 55 7K 5 G Py ) 4 ) 5 B 15 50 O S
% (GHBKO006); 1 /1144 1 48 742 3 42 (2023NSFSCO799); i 5t 5 4 7 i3 5
i TR BSR4 [F 5% T 4 S % (SKLGP2023K029); KT T BT 9% — 335
H (2022-LHYJ-02-0201)

* TUEAEE, #d%, zhangwen2014@cdut.edu.cn




534 ARMRERSE : COPELL L R A A T PR DO R BRI 2781

b o UL b A i T A 3 A A R S
A A= i R JSURE W PR A A 5 A2 N )iz 1
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25 L A SO R T O K AL R DA W B A A
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B AL R 25 2% H 4 AE S0P D AL 7 55 RS DK
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SRt pH (. WHRE(DO)Y%  YSI 2 B HUK 4y
BT ASCI 5 . 7 7K 3 A P 35 1 9% (SRP), >R FH 4H B 471
SN BER I FEABAE LR 1 KR
SSER T, [FI I DO FI TP #8370 8 Hh 3 /K IR 958 it p v
GB3838-2002 H LA /K I AAE.
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Table 1 Overlying water and sediment physicochemical

properties

RHK Ui
ks L ks Bl
pH {8 6.37 pH & 722
KIE(C) 18.4 HHLF(OM) 6.87
DO(mg/L) 1.08 KA (%) 52.55
TP(mg/L) 1.44 FALIE S HLAL(mV) -72.17
SRP(mg/L) 1.18 Hiki<dpm 9.88
EC(mS/cm) 486.56 WKL 4~63um 53.83
WR>63um 36.29
D50 47.36

1.2 MR

SEIG H AR A 20 R DY )1 AR RS T R
SRUF DX AE DR RR J5 SRR 1 AR T, Il ik
WU TE R B AR 3~5em (1 B0k 285 1 o 4
700 °C sl 2h AbBR S, HilfS CRC=700.01/KAHY)
VS FI CD ¥ HIIALIR M, 7R A B B i HFr
(1) VS FI1CD Jig B Hop b 45, 8% B o5 Mk 55 4,
HAESEI & BT 7d, PR 34 BY A8 12em A L
P S0 1 v P oK
1.3 SER IR
1.3.1 JKJe P BEJRC AESEEOAICR AL BT SR
WA, 4% 20em, i 40cm) P JEEHB7E o5 10cm J5HH)
DU ff e B BOREAL I E 9 AL A A st
AR 1), A 3 ASPAT A A A RN 4 A
Fa 78 A, FH ARH 8 55 43 TR ) LT B R RO
(R L. (1)) FEZH S, DU 5 8 HOR A AR BE(2)A 4,
AP 13 55 )% Sem [F) RC;(3)a 21, A DU -
% Sem ] CRC-700;(4)B 41, £ 5T ¥ 5 Rkl
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Fig.1 Treatment group schematic diagram
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Fig.2 Schematic diagram of extracting various forms of

phosphorus from sediments by SEDEX method
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R(%) = o=V | 100% )

€

g AP, me/g,V AR KT mL;m
H A BT R, g R AR R (1) 25K %, Co T
PR ER IR AR IR B ,mg/L; Co A IR £ 17 9 B ,mg/LL.
1.5 Hr ik

KH SPSS 18.0 FEATHEvH o0 A1, EAT HL IR 35 Uy 22
I3 HT(ANOVA) LA 56 1 2% 72 S, &% 4[] Jb 25 P 2
() {E A P<0.05.

2 ERFTE
2.1 RC Fl CRC-700 JEAHHE

%2 RC F CRC-700 By Lb REFRFNFLEH

Table 2 The specific surface area and pore structure of RC

and CRC - 700
b BET kb  external tb3% FLAARRR BJH “F-14
" HR(mYe)  EB(mYe)  (emYg)  FLi%nm)
RC 5.02 6.59 0.0259 16.05
CRC-700 14.84 15.12 0.0313 8.84
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26(°)

K3 SEM KIHTESREIR X 3 LAz K
Fig.3 SEM surface morphology and XRD patterns
a:RC i B, b:CRC-700 74\ c:RC Al CRC-700 fAT4E

2 IR IR S R4S ) CRC-700 L 22 i AR 4
Jn4E RC(5.02m%/g) () 3 fi5(14.84m*/g), it WM Be s itk

Ja RC IO 454 5 2 e, AT A A B T Bl =
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Fig.5 Effect of RC and CRC-700 on sediment P speciation
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Fig.6 The effects of VS and CD on SRP in overlying water and interstitial water



2786 o

OB R

22
=

45 %%

A EE B ZH S(I& 7 (a)), VS #1 CD H i) CDB-P
B R BRR(P<0.05), 70 Sl FRAR T 165.07(0 2> T
26.69%) Al 193.63mg/kg( ik 2> T 31.31%), [d] Hf
loosely—P. Fe(I)-P #BA43 A [l #2 B (19 D> AH VS
A CD H Ca-P & &3 I AS B 53X W] e A2 T /K Al
WAy LLRE — 565 DURR ) vh Bl 5 Ak O A2 ) R T
(0 Ex—P) =k W i Ex—P Al Fe(11)-P, L3 &2 1 5 £ K

700

700
(2)

| B
[ vs
tdep

{_

Loosley- P Fe(Il)-P  CDB-P

Ca-P

(c) 2-3cm

600 M 600

500 500
e >
200t ‘ '§:400
i} i
300 Ha00}
# %

200 200 L

100 | H@’—‘ ) 100

0 L == e X W

Loosley-P  Fe(Il)-P  CDB-P Ca-P op

A EBOT VS B CD & EARIES P WA
B A, PO 4 1 41 1) 22 S WY S (P<0.05),VS Ak T
CD.VS JFEEEZ A i TP, CDB-P. Ca—P F1 OP
HIS I AR, 2 B PR T 123.5. 90.91. 41.23 Fl
12.68mg/kg(& 7 (b) (c) (d)).3X I IIF VS HE & AE IR
ANVURPIIFERI T 55 P AR 38 7% 50 2 K 2
H &K

(b) 1-2cm (QUTRP0~1cmIPTERS
(b)) 1 ~2cm I PTE 45
= (UL~ 3emfIPTF &
(VL3 ~4omitIPTE A
L
o
] [
28
0% st
r <
b %S / %‘;‘: 3
Loosley-P Fe(Il)-P  CDB-P  Ca-P op

(d)

]

. 3-4cm

Loosley-P  Fe(Il)-P  CDB-P

TR BT A%

K7 VS M CD XU PIEA I
Fig.7 Effect of VS and CD on sediment P speciation
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FEHAE B WK 8 (a) (d)),VS+HCRC-700 -7 /K
FIVRZ ] B K SRP $5 243 i 7 5 /1M0.222mg/L).

DUZH IS AE BRZH o CDB-P 2445 2% B AR, B AR Tl
FBI7E 289~426.03mg/kg, 1] Ca—P 1475 /N 55 18 oy, 4
TN vE Bl AE 84.16~159.14mg/kg( & 9(a)).VS+CRC—
700 [ Ca-P & &3 N ok W (P<0.05), & &N
453.46mg/kg X HEAL S 1) 1.5 5,5 T Ui S i
(1) 62%. 75 AL BLAIAF 2 P IEA B AT AR, I B
DU LI £ A B BE VAR 234 0 TP CDB-P. Ca—P il OP
HRA AN 7] FE A P2 A, VS+CRC-700 1 4% 2 TP,
CDB-P. Ca-P Fl OP FEAHR A VUL b BEZH H fg {1
(E9).
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— VKA K SRP (R 250 R B 2 55 T
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Rt b P ORI A LM RE P ARERLO
F= AR A DU /K ST S DL b 3 e 2 e 2
S B SR P R RO — 2 S I AR TR R e AR e 3
AT P LI A A B LR B T AL 5 1 e 4
WA AR A KRR T BRK (%) SRP,[R] [
EVTRP AT E PICA UKW e A S bR
M DA Ak 1) (100 1R 23 18] BK R ) RSl iR ) P
R R B AR 1) )& VS+CRC-700.

2.5 TR KUK R

Alpha ZFEVERF TRUZEMZRETERIE R T
HWI(3% 3),CRC-700 M EW I W] B T RC, A
A CRC-700 H AT PIHRK B LR THRURZR T 4544 11
BikA 2 AL 2), 3840 T 58 2 (R A R, A B AR A )
A KA T S I T VS F1 CD 78 2 R R
B G 2 e 0 TR S5 A, DK = 5
(AR 3R 45 R BE e B8 2 S R4, T S L3 2B )
K IREE T AR 41 VS+HCRC-700 £ FEE R
J& 5 #5,0UT. Chaol. Shannon Al PD 4} 5l (5864+
16). (8197+10). 7.4 Fl1391.6.

T 432 1A [ il 2 0 20 1l 1 = B AT T Lk
BB 10), 5 b B AUE AP AR g R AR (R
TR A7 AE R M AT 0T U R W AR TE AT 1
(Proteobacteria) - 7K 1 1 /i) LU AR I = &, [ i) 5 9%
TE R AR AR B BE, 0 3 B e /D A — e R B R
e A K AF ARSI . P ORI 1y AR 7
A CRC-700 [P /NIA b B2 A AR TE AT 1 =5 1
BIED RI WL BIAE S A CRC-700 HIHCA AL AL
i FUT i (Bacteroidetes) ) =F B il 2, A5 i 57 {8 7~ 420
FFBE 17130 2 181 S B2 7 R AT i A AL, S
SRP A JTI P AH L UL 1 = 3 /b T fig 2% W AT
FIH A HUTURT SRP 7 FEAR AT B 76— 44 = pH

FH) 5 785 SR AR R DX b g R I L o 2 S o ),
Il VS+CRC-700 &+ B (Acidobacteria) 1) = & 44
I, TR IF pH A B /INAR TEAT B8R AT 11 3= B L k7N,
EJAE TR 2 pH A F Y7 S22 15 15k s JR ik
TR PEFI DX 4] S A J 45 L. VS+CRC-700 iR
IR TEATE AR S S hUTR YL,
AR TG AT WA AT B B 4 0 2> T 16.56% Al
33.33%. [A] i W 8¢ 5], VS+CRC-700 H A% FEAT 12 AT
B B ISR T CD+HCRC-700. X 46 45 L &
HJ,VS+CRC-700 {ELFRUTRY) P BhIFIRCR FAAR,
H AT BRI o TR AR

£3 BT 97%0TU BEMERRME MR A Alpha
SHMMEEE
Table 3 Estimating alpha diversity and richness of sediment

microbial communities based on 97% OTU clustering

FE i Observed species ~ Chaol® Shannon® PD*
S 2466+20 2794+11 6.4 190.1
RC 2546+17 2899+19 6.5 194.6
CRC-700 3595+10 4522+13 6.8 245.1
A 3975+15 4698+20 6.9 250.9
CD 3865+15 4562+10 6.9 252.2
VS+RC 4421«£11 5331+14 7.1 290.5
CD+RC 4474+13 5265+13 7.0 289.3
VS+CRC-700 5864+16 819710 7.4 391.6
CD+CRC-700 4537£11 5645+12 7.2 321.9
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Fig.10 Community composition of sedimentary microbiota at

phylum level based on relative abundance
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