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KA. Baf . PR Z0RA5% . XS RN T e, xHmsl A . sBacscR vl
W R AN 2Tt T R AP R R B B R . oA BT AR L AR T oK AR R B U, 2
ek ARy, YR T AETE G K I AT AR W R T i B SR B, 3k 78 SR ) o T A A i o AR AR
PEATWCRE . R . eqk, DAITAR ZF LA R 35 YL ve B VR Ak e K AR A Ak B A R 4T Y2 AT
S UUKAEY Al AR By N P FREh, 340 ml i o 52 ma i A 0 ) A >k 52 e 45 5% ) ot B9 406 26
TERSE A2 28 2R G0 A Ak /K A 5 T A R R AE T

EEXTAKARTS G RR B . M RRA B AEAE O, AL BRI H 28 B A s B0 FS U8 0 A ORHR AT
B HONAEZ M AKTIES, TEREMX T 200, 7R RaE R, dENR KL
AR AR 25 40 Rk AR ) B UR AR A AV B B -1 R R SR O U AR I . AR R, X SR RE
F PR BT IR AR T IR R T . B T R AR e B D D DL S S A . VMR
B A RN T2 5 R R T A R R B A ALY A, Hrh E S A AR
AL AR (FEE ST CaCOs) S A T M 1 T B9 RIRA W 3 T, WK AR5 e W) A AR B 199 25 B
TERY, A= f (EEBS CaMg(CO,),) 5 A KA LM RL, B H TR AR T, R MR
AL R0,

A Wy K AR A PR B v B ARG . AR . B IR T e B v R A AR Y,
IK IR BE AL 25 W (A WU RE IS S5 M Bl E B, T MR A W A KR U A8 Ak v 0 43 A RRAE . AR S T BE AN
P 6K R S T8 5L 8 5 V50 255 1 40 Y0 W 40
TP 0 A B 2 s e B A S K SRR A B A 5 AR IR IS A AR AR WE R .
M, AR ERCGERMEEONS . AKA . A alERIRIRSGEM B, 38 i By Bt i 7K 5T 5l 2
BT AN [) 503 1 RE X0 7K A R ZS BR AR S 22 5, 456 /KR T 3R o 6 Ak 35 728 A R B 2k R 7 235 4 78 A
PRUT 22 S IR IR, USSP A S ATCHRE o R n e e el A R, JFFE — s BRI b A iR U ekt iy g
Tl e, ] i Ay ] 6 2 5 G Kk (A e o A RE I e PR 3R I 2%
1 MRERE
1.1 SKIEHH

At i Je el A Rk 2 S 2 52 B Bk A SR B PR I R DX A BRI A BB AL DX, T KT
PRAE KT JE BRI AL . AR, 160 B AKASHaAWWE TRAELIIET
WA T, T BEERE, 60 Bifi&H. tiiEMrEEAMIR W 1. %A% (Vallisneria natans
(Lour.) Hara) 5200 & S50 , PR < 30 R A7 IF A0 T (A bR A L B8 ok S vE R 44 o, & 10 bk—4
o Ve AR FHAKH [ PG K2 il , R AT h 2R 2.69 gkg ' 2 11.75 g'kg ™'
pH6.9,

®1 BEMRERMER

Table 1 Basic properties of sediment and modified materials

Tk TN/(g-kg™) TPAgkg") AHLB/(gkg") SiO,/(gkg") ALO,(g'kg") Fe,0,/(gkg") CaO/(g'kg") MgO /[(g'kg™) pH

A KA 0.12 2.55 0.57 40.2 9.7 2.1 524.2 9.6 8.3
Haof 0.10 2.07 0.85 6.4 2.7 1.9 575.5 4703 8.6
S RS 0.58 9.43 11.36 653.6 138.1 20.1 273 5.8 8.0

1.2 SEIEIT
KH S L IMR T REESS (W T4 2%T0 FE X IR RS 283 T 7 R R 5 22 750 R BUIR
e, HEZIREYS LJEZKMESE, FlRmKIm, o 0.25 cm M2 BRI R TTRY a9 A B 5
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Ay, A 8Sem JERER MM (F 042 F 04 =455 cm:34.2 cm:56.4 cm) P, 43 54l %
2em A KA (T2) . Hao A (T3) S5&E B E O RE (T4), DI AR JE I8 B B4 Rk E b X & (T1) ,
T w8 5 BB 24 b, o D K VB B 5K 10 AR R [R) A0 08 A v B S R AR I, A
200L{'§'a K Z A 40 em 247 . B E 3 FATA .
uwk*ﬁ%itdgxei: (35 d) #EATH K, B AR N KR, AR A SE S K AR E AT K 5T
W B— ARG IER R EF 9:00 % SMF K ST R AT YE T/KE T 20 em, 30 em A0 R A HUFE
#ﬁﬁﬂ;ﬁswﬁﬂ(ﬁ'hﬂl e 4 i, AR () HEA . B EBE,
E= A"A A 100% )

K. 4, Fm EBEKE ., B0IIRIEREWE, mg L', 4, F#RA . BRENEME, EMRTEBRER,

TEZ MK A 2 WM (5 d) , 38 2k XK 5T AR A 2 BB 2 43 A Oh, 12h, 36 h. 60h,
84h, 108 h ¥ 18 _iRMAF L BURE, AKARPIES TN A (3.67+0.09) mg-L™' . #I4f TP A (0.46+0.02) mg-L™" |
¥H NH, *-N 4 (0.65+0.03) mg-L™" . ¥ 4f pH Jy (7.74£0.03) . 3 #1ik Ky 36 h B At 42k BRI D AR A5 i —
HWETE, WO KT 2B AT PR AN A AT D o SR M Wk AR BT KA ) i B BB 1~2 mm &b D 2R
SRERA KR, HEAT 703 T R I FAN TR 16S rRNA I & .
1.3 IBFRNE S E

TR BT 48 A 257 44 B Hb 26 oK K BT 48 A 20 A ] bR ME R AT DU o R D S SR B R B O3 OO R T
(GB 11893-89), & UK FHBEPE 3 B FR 28 S o3 G B vk, 2R T B i i Lh i, pH I SR FH B0
L1 75 (GB 6920-86).

TR T 2 Jo 12 Wk 2 A1 FH P JBR 5 5 8 AR R SO 154 (ICP- 3000) #4700 22 . B 2 L K FER
0.22 pum LA 5 0 8 16 U8 B AE A T 08 (B g TR & — oK e B k) , RS 2 g s
IKAARHEATIC R M AE o

TEHIUE 58 US4 0B I BT -80 °C IRIR PR A7 AT A Y 2H S DNA B, HAs b B
PCR ¥4 . ffi H DNA i3] & (Omega Bio-tek, Norcross, GA, usa) MEEA 2 HUIE [ 24 DNA, DNA #2
PO AE 1% 3505 B8 e e b i A7 KD, IF 4 i NanoDrop 2000 UV-vis 43 )% 3% i 11 (Thermo Scientific,
Wilmington, USA) ] 22 DNA ¥ B F1 4l i . 40 5 3% R 48 F 51 9 %) 338F (SACTCCTACGGGAGGCAGC
AG3'") Fl1 806R (5’GGACTACHVGGGTWTCTAAT3') i# 17 ABI GeneAmp®9700 PCR #4i ¥1 %% (ABI, CA,
USA) #4749 1. 16S rRNA =yl 5 Il 7 7E L 6 H AW R R A R A wl i AT, Bl 3 T2 A
A AT AL Y = MR 45 i2E 4T (www.majorbio.com) o
14 HELEBS S

Office excel 2010 FH T 5% 56 £ 4f 2% BRIl K] ; SPSS 25.0 F T 84 [K 2 )7 243 H (One-Way ANOVA)
/N B F e 2 K5 (LSD), H Origin2019b 22141 .

2 ZFR5THR

21 EEMNEBKEBERENT

FEUUKAE Y A KRR SR A 10, 20, 35 F1 55 RATHILL S d 0 VANEE], 347 T 4 IR BE bk
P W, anE 1L AE 2 Bras, i I B RS TR, A AS I TR) A [R) Ak B 2 R R — U
Bl XA RESE TR TI R, (RO A T P R Ak B A . B R R R —
], XU RGEMCR R E . SN A B RBRRA 2R e, B TR 1E
A, AT A A O L A U R R A VR 2 B K R B B O AN T RS U g Ak R IR A 25 5
T2. T3. T4 4b PR AE Wi J& 3 P v 9 W D isf (8] X6 TP B9 25 BRI B B8 = F Tl 7655 S R B, B
T1 4k, %t TP B9 5 BRI BEIL R 80% LA |, T4 AFEXF TP A9 LR B . T1 X4 TN B9 £ 53R 7E 41
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H ——T3 i ——T3
£ ——T4 g ——T4
R 30% - R 30%

1 2 3 4 1 2 3 4
1)/ i fel/d
(a) MILRHEEE . (0.42+0.03) mg- L (b) WILAHEE : (0.34+£0.05) mg-L™!
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a2 o]
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2 s
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K ——T3 i ——T3
g ——T4 2 ——T4
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1 2 3 4 1 2 3 4
i al/d i [a)/d
(c) WIHAMREE: (0.45+0.03) mg L™ (d) FILEMRE : (0.512+0.02) mg-L™!

1 SMVS 3 TP KR ERF I
Fig. 1 Effect of SMVS on the removal rate of TP

AR A Pyt B A T LAY 34, T3 X TN B RBRACR i X2 i TR T = E RSN, KR
HEEMER I A . BEE R AR, RIS K PR B TR R W R e U
2.2 SMVS X LB KRB LER

IR T () B8 32 A REAR ) B W R R R ot i R B Ak A TOUE SR iR AR R BRPT. KRG
XF W 5 BRTE 108 h WA AL A2 fL a3 (18 3(a)) o BR T1 Ak, 25 4b BROK R b i) Bk 24 BERE 2
0.1mg L' LATF, 53 (i RAKFRIE BT bR ifE ) (GB3838-2002) IV ZRI/K bRl . AN [F] Y i ¢ B i 1 4
XTRAE A 2 BRABCR AR, T4 765256 J8 ) o9 T 1) L BR AR B o, 355 87.02%, 5 T1 B AN W3 2%
5 (P<0.01) , T1:H72.60%, T2, T35 T1 A% %ER (P<0.05) . fE36hif, T2, T4 5 TIHHEA
W #E 2R (P<0.05) .

IR A S BRBR T 0 L BRI, AR ML . A EA . A . A, s
AATE AR APY, KRG AMA AR ERENAE3hITRA B BEZES (K 30b)F () -
TNTE 84 h 5 TR o 7E 108 hivf, T4 X SR M KRR e, K2 T 80.96%, T1H 71.26%.
TE 36 h B T3 XA LBRBUR 4, TN LFRZFEIAH] 71.49%, 1 T1 LA 58.00%. 7 12~36 h, % &
Gixf TN £BEFR 5 TIAH A B & 25 (P<0.05) . £ 60h i}, T3, T45 T1A B &E2E5 (P<0.05) .
TE84h 5, BRGNP E 2R . [NH, -N]1E 36 h I BE[E, Z /57— E B NEks), XEHT
RAZ GBS K, 18 pH>7.0 B 25 5 #2183 A Wi A A TR0 /K AR ) 7R T 34 25 52 ) 7K (R
[NH,N]. Tl, T2, T3, T4 A9 [NH,-N] 43518 : (0.10~0.13) mg-L™", (0.05~0.08) mg-L™", (0.04~0.09)
mg-L™"', (0.08~0.10) mg-L™', 7£ 36 h i, T3 % NH,"N E[fEFREHxmE, KT 92.81%,
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90% 90%
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= 759t = 75%t
< «
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5 g
S 60% S 60% |
= =
N: 45% - —=—TI1 M: 45% —a—T1
& T2 & ——T2
o —a—T3 4% T3
" 30% - ——T4 ® 30% ——T4
pac] s
15% 1 1 1 1 15% 1 1 1 1
1 2 3 4 1 2 3 4
A fa)/d Hif ] /d
(a) WIHAHRE . (3.64+0.11) mg-L™! (b) WIHAMESE . (2.79+£0.09) mg-L!
90% 90%
2 2
E 75% E 75% -
< <
z 3
5 60% | § 60% |
z z
= =
M 4A5% =Tl ¥ 45% - —a Tl
& -~ T2 & ——T2
% 30% . o fé 30% i
S (d & L
R T4 5 ——T4
15% 1 1 1 1 15% 1 1 1 1
1 2 3 4 1 2 3 4
i) /d A i) /d
(c) WIEHRE . (3.68+0.15) mg-L™! (d) VIHAHSE . (4.11£0.08) mg-L!
&2 SMVS %t TN KRN
Fig. 2 Effect of SMVS on the removal rate of TN
041 3.0,
2 Tl Tl a Tl
ab T2 a T2 A04-% T2
=~ b =13 o 25F, mT3 7 =13
L 037 b = T4 a bbb = T4 :10 = T4
a LI H
g b 2 éﬂ 2.0 . £ 0.3
& 0.2H] b Z 15 &
5 bl ab 2 . I b b a b = 0.2
e b | P& b X 10 bb 1a aa @
f%o‘l_ a c ﬁos aa aa & 0.1H
0.0 0.0 0.0l
12 36 60 84 108 12 36 60 84 108
s ) /h Ff[a]/h i8] /h
(a) BAE (b) BAE (c) A

T AF/NG PR R IR R B2 (P<0.05) .
B3 TP. TN. NH,-NZigiRpELk
Fig. 3 Changes of the concentration of TP(a), TN(b) , NH,"-N(c)
C A B9 3R W1 3 SR 2H 5% €8 B2 A g IR R BT i b REXT &L i W BT A ORI T KA X2
M T BEE BAT HORLA5# , RIEER, AECT O Y BA 2 WAL 0% 3 K AT R = A7 28
L, B 2 1 % B 2R A RS AR R B LA A RE Y, SRS I SE A5 RARARL, TR SR I B AL
RASART AR o EMER T RBHAE SN, 85 AL R A .
23 EBXKETESESH
Ry 20 43 A A [ A B R OB R R R 22 SRR, ST T BRI T R T R A8 AR S AR A
F2RW, KHAIE FEKME DR (As). 7 (Cd). ] (Cu). ¥ (Fe). % (Mn). % (Mo) JTH Y it it
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Table 2 Elemental content of overlying water bodies

As/ cd/ Co/ cu/ Fe/ He/ Mn/ Ni/ Mo/ B/ K/ Ca/ Mg/
(gl (ugl™) (ugl™) (ugl™) (gl (ugl™) (gl (gl @gl") (@el") (mgl™) (mgLl") (mgl™)
1553+ 13.06+ 833+ 540+ 240+ 1550+ 3.7+ 1850+ 1337+ 89.40+ 411+ 2295t  10.13+

poseil

m 10.25a 10.57a 3.03a 2.79a 1.90a 8.41a 1.08a 1.27ab 2.33a 17.29a  0.13a 0.02b 0.06b
™ 12.47+ 15.34+ 0.63= 423 250+ o 3.50+ 13.63=  11.63+ 9297+ 424+ 2357+  10.89+
6.52a 13.33a 0.63b 1.19a  0.50a 1.71a 3.75ab 2.24a 4.66a 0.06a  0.27ab 0.26a
3 14.03+ 7.62+ 5.50+ 5.93+ o o 4.00+ 10.13+ 8.33+ 89.43+  4.13+  23.55+  11.19+
5.05a 7.62a 0.55ab  3.02a 1.97a 4.66b 2.20a 15.73a 0.10a  0.06ab 0.09a
T4 15.87+ o 6.47= 380+ 1.70+ - 3.30+ 23.17% 7.53+ 80.83t 437+ 2428+  10.90+
6.29a 2.47ab  3.3la  0.80a 1.15a 1.24a 3.82a 5.07a 0.05a 0.45a 0.07a

W FATARRVING SRR Ab Bl 22 57 8 3 (P<0.05) o

W T W] W25 S o TR AL R AT (Ca). BE (Mg) BY BT VR BAT 18 3% 22 5% (P<0.05) , T4 ' Ca )5
R WS T T, T1 9 Mg A BT REVR B B 58 T HAR A A . X 5T A R e R 2 g
HATEA P, Cay Mg A I 0 VE W B F N P BR, 3 ik 52 v £l A= ) A v ik Ak A= 0 I
PRt #2 . X2 W T Ca. Mg 406 PR 9 5T AT 55 7K A4 o ] 95 1k 9l 1% 6 380 4o 0 A7 4K 28 46 4 ) & 24 R ff
FUTVEAE R P2 LKA 4 38 2o ' A A B I T B i AR B AR 20 45 . B i L DT vE it R P, KR
) Mg™ BB 5 8 MR B 7 (NH,") . BEFRAR B 7 (HPO,) S i A BUME TS PR 1Y S 28 A Ui dE , AT T B K A
MR . BEEFRERD [EIRT, B b BRws i b b i 0E 70 ) B B B oy S S A R Bk R, AR
TR Ak A Py B o R DL
2.4 SMVS X EBKMEDEENR M
241 iR AMRBFZEMG YA

SMV'S i | 5 7K A 77 25 UKL 9 vh () G A W R s 4 0 e A= el 28 o % 36 h N [A] SMVS & 42 b 4 T
W T o, SERBMEAEIERER ONTT. 24909, 2410 H ., 2818, 46 1@ Fl
48 AFf . WA () Fron, FETTRIZR2E0KOF [, A AL PRAN DO 40 pAR L, (HARXT AR 22 5% . BB
A 1] (Proteobacteria) . F{ZE TR ] (Actinobacteriota), ##: [ ] (Cyanobacteria). LT ##[] (Bacteroidota) j&
AR BT, AEXT A R 34.79%~42.3% . 25.09%~36.8% . 9.5%~14.0%. 9.2%~18.4%; 5t
K] (Deinococcota), JEEEE [ ] (Firmicutes), %25 [ ] (Chloroflexi) FIPEIH I ] (Verrucomicrobia) i
FeEAR, AN FEEE R 0.20%~5.6% . 1.4%~2.8% . 0.55%~5.1% F10.65%~1.0%; 1F5i | ] (Patescibacteria)
b F /N 1%, i 7 FCRK ATAG 36 (Kruskal-Wallis H test) Xif A [7] &b 3 R 20 B L 1) 2 75 & 4= B % A8 1k
AT M, S5 BRI VE O R R T . BUFT T JEREDE ] . SRS TR I AE X 3 B AE 45 Ak B[]
FEREZS (P<0.05) , ANFEIEVTSE FM4 T EEKMAEY X FEEETTKE EEA T 240 (K
5) . MERITETIR S EmFHEA 34, TR S BT HaSd, wmEREREE
T i e o AT TREMSOKAR T B R AR A AR, TERE A R S R b R
YERIET, 256000 1 = A VR IR U8 B0E M RERT AU 25 BRASOR S i, HE DU DL = A 4 S el it 4R
FI TR T B, RS IRE N LB, TR KRB 2K G 2 -k, el
U R AL AT IR NS, W25 28 O Y L o f R TG PR R BY . R ZBUEBER ] 2 —257E
15 7K DR AR A 38 v ke 3 J EAE B AR Y, SRR TR R RE TR T O LE BRI, KR E &2 BB ™
TG Y, REULHHFEAS SC 00 4514 T IS U8 el 3 I vT G2 fff K AR5 e i O o

RN L, A EEAMAE, HRNAEBAEER . WERE HAREE (norank f norank o
Chloroplast) . 73 AT W J& (Mycobacterium). HJE W FF K E J& (norank_f Rhizobiales_Incertae_Sedis) .
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" noran _f JG30-KF-CM45
= noran gorankmz Gaiellales
u norank_f orichthydceae
= Limno ab“tags Y
w IMCC26207
Flavobacterium
unclassified_o__Cyanobacteriales
= Deinococcus
u Phenylobacterium
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0-29 marine _group .
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Fig. 4 Relative abundance of microbial communities at the Phylum level and Genus level

CL500-29 marine_group ALHHEIE, 70515 H 9.0%~14.3% . 6.9%~12.0% . 5.09%~10.9% . 4.7%~9.0%.
T1 AT & (Acinetobacter), i 7 AR & (Runella) 157 % BK & J& (Deinococcus) N B HH & ,
S L 7.7% . 6.0% . 5.6%; T2 LAMK A5 BIFF 18 /& (Dinghuibacter). t/INT )& (Exiguobacterium) .
hgel clade (5 WK, 43915 Lt 82%. 4.2%. 4.1%; T3 W LA hgel clade. PeMI15. #k+ 5hii#T & @
(Dinghuibacter) HEALH R, 4390015 b 43%. 3.6%. 3.0%; T4 LA hgel clade. #k 1 &b 51+ 5 J&
(Dinghuibacter) . 5t ER 1 J& (Deinococcus) i (L AHXTEE R, 43510 3.1%. 2.3%. 2.1%. A8 EE
T AR, MAEERS3IHT & /NT 02%; 2L F & (Rhodobacter) 1E T2 W (5 e AH X} %
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Fig. 5 Changes in relative microbial abundance at the Phylum level and Genus level
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Fig. 6 Redundancy analysis of bacterial communities and environmental variables on Phylum level and Genus level
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Nitrogen and phosphorus removal effect of sediment-Vallisneria natans system
on landscape water and changes of microbial community structure

CHEN Yanxi, ZHA Zeyu, MAO Xinyu, WANG Di, LI Zhenlun®

College of Resources and Environment, Southwest University, Chongqing 400715, China

Abstract  The sediment-Submerged macrophytes-Microbial system plays a key role in the reduction of
nitrogen and phosphorus in the nitrogen and phosphorus reduction process of in landscape water. In order to
alleviate the nitrogen and phosphorus release pressure of sediment and explore the relationship between the
selection of sediment transformation materials and the effect of nitrogen and phosphorus removal, limestone,
dolomite and purple parent rock of Penglaizhen Formation were selected as the transformation materials to
construct a water-sediment- Vallisneria natans system, which was analyzed by combining the mass
concentration of water elements and microbial community structure. The results showed that the removal effect
of sediment modification combined with Vallisneria natans (SMVS) was significantly higher than that of the
overlying water body (P<0.05), and the treatment effect of Penglaizhen Formation was the best with the removal
rates of TP and TN at 87.06% and 80.96%, respectively. The microbial community structure in the overlying
aqueous suspended particulate matter had changed, and the abundance of Actinobacteriota and Bacteroidota was
significantly different in different modification treatments at the taxonomic level (P<0.05). At the genus
taxonomic level, there were significant differences between norank f norank o Chloroplast and
Mycobacterium in different modification treatments (P<0.05). The results of redundancy analysis showed that
Ca and Mg were the main elements driving the reduction of N and P of overlying. The removal effect of purple
parent rock in Penglaizhen Formation as a sediment modification material was better than that of limestone and
dolomite, which was related to the release of trace elements in upward overlying water and the change of
microbial community structure. The research results can provide reference for the treatment of sediment polluted
by landscape water.

Keywords sediment modification; landscape water; nitrogen and phosphorus removal, microbial

communities


http://dx.doi.org/10.1016/j.cej.2021.131360

	1 材料与方法
	1.1 实验材料
	1.2 实验设计
	1.3 指标测定方法
	1.4 数据处理与分析

	2 结果与讨论
	2.1 重复监测上覆水氮磷去除率的变化
	2.2 SMVS对上覆水体氮磷的净化效果
	2.3 上覆水体元素含量分析
	2.4 SMVS对上覆水微生物群落的影响
	2.4.1 对微生物群落结构的影响
	2.4.2 SMVS对上覆水微生物多样性的影响
	2.4.3 上覆水微生物群落与环境因子之间的关系


	3 结论
	参考文献

