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B E TR R R T B RO A R S AR IR R C R, TS T 4 R A&
T N TR b ) U T DL R A YRR A A . SRR, S TR M &AL (45.53%~80.95%) . LA
(53.67%~80.30%) Fl 5B (32.97%~55.77%) #} A B4 A AL BRAL S, FAE AR 9 09 N T8 M b R RS A9 A T8 s B
TR EA . SRR SBRAOR, Hoh i B A R BRSO R, 95 NGB R PR AOR R . FER
M A TR, (AW E A (34.84%~45.44%) 52 N TR MR R BR ) 2R, KT (20.909%~23.91%) & A
TR bR R TR AR, (R R AE Y 09 T8 M 0 RO 0 o S e W R SR R . R R A T R
AR TR AR AL A AN T IR M, FioRE A ) A N T30 i S 7 R R v A B A A R L SRR R R A I LB B
REfEMERE . A EE . AR . 2R R A LR R R A TR EE A A R R, AR
RE AR B N T30 b 1 A 0 0 2R A D TR o 0 P T 8 A AN S AT BT S R 8 i AR R R 0 N T M v AR W BRI Y
JEA

KR FmWA TR BARREE; FERTAr M REE

N T3 4 (constructed wetlands, CWs) %5 IA by S Ab B IE /K B B A AR, HA IR A & & fiz 8
A ) ) A LR A0 25 B B SO IS B IR BE AT S e W 0 5 B, B A5 5 L e D DK AR 1Y)
St far, A BT B R SR, & N TIiEKRA ., FEAN TR, F#ET
2 53 BT AR L BR R VPG & A R BRTTRR AR AR NN AR ) 25 PR S R Al
Y. FEBTGCAE YRR ks A A PR s B, WU SRR R B, R N TR b AR A (W] 4k
MR BRI RE 100 BN 8.46%~30.98% F1 0.46%~2.13%., LU %10 35 i, &1 i A\ T 78 M 56 420K}
I RFF . BRER . S SRR L BRAK TR B Y LB K 29 26% . ZHANG 5517 &80, Gl W e il Ak IS Al
AR F 2 N TR b 22 B R 7K Y TN(66.9%~80.5%) 1) £ Bl 4%

N TR HAE AL EA FE22 0l E Bos x5 e g LBRVE T, & B8 A B AR 0% B 25 o7
I HER: 2018-12-27; RFAHHA: 2019-04-10
EEWE: ERARBFEEFEITHE (51778082)


mailto:2682248665@qq.com
mailto:2682248665@qq.com

58 WA PR [RUAR ) B 2 T N TR i (LR AR WS 22 5 00 b 1919

RORVA S A YR d , ELAR 2R 20 040wl n i S 55 SORMAR A TR A AR G, S AR e Vs O R 2
BEVES, BRI F KR A8 2B, DUSEY LB, ALY MR RSN T 60 Y E & AR 2R
[FIEE, AHOCHY BBl AL R R L IR . RS AF IR . AR TR . 2 AR AR (A M TR S B R R, AR
T AR EBREMN . HE & A, v EBIEH . oI WA -2 T8 TR N T b 25 B v iy =
BLANGE, JEAER D ERR AR AD A RR SR T e R ¥ T EEAEH . DU SR R B, AP RO kAR
THEEWRA TR A AR, IF8 R AR RS v R R E YRR B EE S 5%, |
&, A ML T ON TR IS Y 2L BRas 42 AU AR D RV AR SS S M, DL SR ) B oA
T W RE IS DA U ) A AL VE RS2 i o B o BRLIG, SF T RS HBIF 98 N T3 b i Ak AL 1) DA
TR AL BERCR SR E MRS Z M R, RAD S RPN T30 M 2R G0 R A AN [R) Rk ) T Ak BERLAEG 3k
TG K, 3 Ik N T M A SRR S A A R A AR S A T B, PR AR R N TR R S
R ROR 22 5 L 5 L BRI U G E MR 0 A4k, TR T R W 08 R X B A ) B
RN W) R AR T 52 ), DA Ry 5 s N T b X35 7K AL RIOR R 2%
1 #MRl5RE%
11 ALBHEESET

TR0 b 2 B 37 T 8 ROREAE N, R 100 L A9 LLDPE #f (| 0 £ 42 520 mm, F K 54 430 mm,
= 610 mm), JRHLIEURL R A CRiAE A 2~5 mm), BN 30 em, {BHLKEE R 20em, E SH
N TR S5, ul YA (1 4H), BHE WA (T4H), KESFEANEA TH), REEH
(V) FIREFA (VAL), YRS 30 % -m?, R4 E 34 TPAT5E58,

IECSE S H HH Ok 2018-07-03—2018-09-30, 7KIEZAEHRFTE 23.4~32.2 C, LN 2 BB 5
1 BBt (2018-07-03—2018-09-14), A G fif B BE (COD=(45+5) mg-L™'. NH;-N=(3.56+0.48) mg-L',
TN=(5.18+0.30) mg-L™", TP=(0.425+0.044) mg-L"); {2 BBt (2018-09-14—2018-09-30), Hymi i far by
B¢ (COD=(45+5) mg-L™', NH;-N=(6.06£0.16) mg-L™', TN=(8.15+0.18) mg-L™", TP=(0.806+0.035) mg-L™).,
KK 0 52, KR et 3 d J5, WOCEKEE R TR 220 o A 3R HE B s i i5 K, A
HECHATE 7K o SE56 rh S SEI A M AT AR, X AR T AR P AR R A Y A R AR ) B
1.2 KEIERS A

FESCI I, B3 d AP N TR A . oK BEATEORE 38 . o, JRLEE . pH. DO i it i i 48
1% (520M-01A, Thermo, USA) il pH i} (8107UWMMD, Thermo, USA)ll# . NH;-N 3% 44 K i 5]
SPECEERINAE , TN SR O B R 0 1k -2 A0 2 SO BE VA N S, TP >R AR IR B o3 6 ' BE v 5
1.3 EFRFEYHEXIERS TG E

FESCW F W N SE HG Be, R ML IURE L 20 3 )2 RFE, RIEKINENSZ LIRS, XA
H,SO,-H,0, i W14 i, RAE R I ICIE I E 2 2, BT L A 20k . 76 IR0 fr 5250 45
W B, R YAR RIS RE IS TR & A, SR T M i W k45
¥, FEAEAFFE-80 °C, % DNA $EHC. 785250 1 JF L A4 s skl e {8 e A Y i 1B i, Pkt 3k
PERAEMRAE S 7E 105 °C F T8 10 min, LAY TP BRI, SRS 4E 70 C F T4 12 h, W& T
& YRR R, IREWAIFEERAE, R H,SO,-H,0, BB i, >R it B G vs
EAR, MBI e 2w,
14 SBENFIHEE

il i OMEGA Soil DNA i 7] £ $2 BOAR 2 3L 5 A 5 b 33 4= 9 DNA. (38 F 40 18 51 9 163
rRNA ] 5-ACTCCTACGGGAGGCAGCAG-3"'H1 5-GGACTACHVGGGTWTCTAAT-3'(V~V, [X)
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TR DNA #5457 PCR 973 . PCR ¥4 454 . 98 °C(3 min) #WIURAS 1, SRJ5 ¥E4T 25 MEFR, 98 °C
AEPE30s, 50 C iRk 30s, 72 °C LEMH 30s, fix)o S min ZEMHZE 72 °C . K FTA P8 B BUR 2 B B Ak
Gy AN (OTU)CHHRAME: BIEL N 97%) . o1 38 12 P IR 55 th g 36 35 AR 7 5 4 (i, D),
15 AL BERBTEETES X
R 2 R AR W . TR B . S i AR - SRS AR AR R NH, 98 R P i, B R kK
T EH AT B pH A Rk, NH, 9 & T 20 N1, 8 i 25 B AR WOl . 5 g R R A
HEIVEHPE .
ST U RSB R SR R A LK (1),
Nsk = (Csc1 — Csco) MsA™'t! 1
K g METY S AR MBI B, mg (mPd) s Ceoy M Cyey S S5 56 FF IR 1205 o8 I 3686 5 119 34
AMBBES R, mgke's Mg MW E, kg 4 MBHMA, m’; ¢ LK LBSITHE, do
A S R Rl A R 1 R LK (2)
Mer = (Cper My — CpeoM, 0) A"t 2
s e ALY A EUR AT TR IS %, mg (mPd) s Coeg F Coey A1 52 36 FF h 1205 S ISP AT 490 19 3
RM GBS, megkg's M M M, WERIFHMEEREHD N TE, kg; 4 MBHAEH, m’;
t ML RGs AT RS E], do
TR W BRI BB 2 B B R TR L (3)

rIMR:Z(Ci,OV_Ci,lV)A_lt_] —TIsr — TTpR 3
i=1

K nyps nse A e HHCEY . FEBCRIA Y0 SR M BB L BRER, mg-(m®d) s C ,FC, N5
UK R K S A RSB R E, me' LY Vo RRRIE KB KR, Ly A RBHER, m’; S8
BATHE], ds
1.6 Zitoh

FHEL 3R 7 2257 1 (One-way ANOVA) #4725 S50 8, A g0 554 18] 1) 25 5% . FH Pearson £ 59
L HEAT MM T, R SR B0 (B A OGRS o BT Ge it o A 148 A SPSS 22.0 Bk Rt AT, JFH
£ P<0.05 7K F-Bf g 2 B 1 .
2 #HR5TE
21 ALBEMXS/KPFRBAEFLYRE

R 25 Bk R B ORE IR 1) A AR fR IS S A 1 TR o 5 AL TR 2R Ge i RE A A0 22 B /K o & AR
SR, TEAR S I ], NHI-N 9 2258 %8 50%~94%, 1120 (3 B ) M £ R R, s 2 i
aw, L@ WA, MA. VHAMV AT EEREI0 R 62.16%. 86.31%. 83.28%. 76.38% FiI
72.51% . FEAR GG MR I 1], TN B 25158 0 59% ~ 85%, 1140 (35 & ) 2 P e 19 L BR Tk fig .
mE2frR, TA., T, M., VAMV UL F B RS 5N 66.29%. 80.30%. 77.71%.
73.68% F170.89%. K Z=fy N T IR AT M NH,-N Il TN £BRK, X5 ZHANG U (9 0F 58 258 ML .
TEw i e, & ZHNHI-N 2R RIYFEME T 9%~11%, TN ERBIYFEMCT 3%~8%, VLW BE % A Mk
JER TR, AR ERRSREAK. NH-N TN R 3H AR A B, X2 NH-N 2k K &
A9 E ORI, NH-N 253 mifb-R i fe e 56, UM TR b A 4000 1Y S i AL VR o 3 1k b A
WS T A B A, XNH-N TN LR 8% 25 (P<0.05), X2 P NH;-N %5 5 848 91 W1
R FEU DL KA 4 0 R i AE T 3 R st A W i -

B 1) 2 ok 23 o BB 15F i) %) A8 AR A DL AN 8] 3 7R o 5 AN TR b R SE #R BB AT &b 25 B K o Bl o
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Fig. 1 Removal rate of NH,-N and TN in CWs
ST N N 2R NNREVYE
AER ST I LM R, TP 6 25 B 5y 289~73%, . s AR
FhAE 4 (2 N£E) RIS f s 19 L BR M RE . of TEN ™ 5 w
Bl 2w, T@H., TH., MH., VHAMVAR 80r H

SE 34 B Ay 0 R 37.09% . 46.12% . 55.77% .
54.07% F1 50.45%. TE = 7t W H], 4520 TP &
BRRIIEAR T 39%~12%, UiPHBES TP ¥ B 1 Tt
B, TP BRAREAL . Wl F MY 4l S5
T A BRI, TP 2B 0 & (P<0.05).

X 2 PR Ry A A A a R v e R A R R R g TR
ih, BE T TP B ERRFEDL

SEYG HATE], gEK ATH K pH. DO FIZK iR
THV-HE W 1 iR, 53K DO, £
ZH H K DO ¥ JE#E T % T 1.80~2.64 mg-L™'o X
S PR AR W 25 [ COD I A Ak i B P R
TIKMEFH DO, 54h, FEMYI4LIE T 41 DO
B, X TR ARG WAYIRE, IS
FOKE T DO ¥ B RSN, Pearson #5546 3 B ,
DO Y5 pH £ I 2 IEAHOC (FHE R EUCH 0923, P<
0.05). X 2 K R HE 9 14 06 B A FH 45 52 i K AR 1)
T i HL 5 T 1 E‘Fﬁﬁ%*ﬁ%%ﬂ%ﬁfi‘bﬂ“ﬂ
DO 'E.iNH*-N FBRFANETEA CAE (P>0.05), X

il 55 45 ZEL A A W WAL A FH IR, 3R ' B T A )
%Kﬁﬁﬁo
22 ANLBHRBEFEES
221 KRR A0 RAE L ki R
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Il 41 (84.46mg-(m*-d)™"). M4 (80.11 mg-(m*d)™).
R E LT T 4 (96.52 mg-(m*d)™")
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(P<0.05), T4l (6.10 mg-(m>d)"). M4l (6.21 F1 ALEH#H KNS
mg-(m*>d)")., V4 (5.95 mg(m>d)") fV4H Table 1 Characteristics of the influent and effluent in CWs
(6.42 mg-(m*>d)")F ¥ TP 2 Rk T 1 41 415 pH DO/(mg'L™) KIRTIC
(6.81 mg-(m*d)")( P <0.05), X% A T I8 ok 7.730.25 5.1241.22 27.632.31
MHEMEY) SRR P AR B ER, Y5 L4iihk 7112031 2.48+0.32 27.4242.68
49y W AT R 5 o A o 2 S R AR R B AR TE R T4k 7.2040.13 2.74+0.45 27.1142.12

e Z A e FRRE AR ) £ [a] ) R R A B AR Bk M4k 7.294023 2.93+0.34 26.66+2.78
RES, 5ARNEYEA AR AL RKAREA K, V4K 736£0.18 3324051 26.8742.43
FEL ) 1) R ST B W GRS N ] 4 T . T] VALK 7332029 3124041 27.2342.92

DI, PR 4 (32.41 mg:(m*d)')>
I 41 (24.87 mg-(m*-d)")>IV 4 (22.24 mg-(m*-d)"')>

N wa it s o
VL1773 mg ey ), FRBRIE RN 7 1 x i v
(477 mg®d) )AL (@455 metd) p=Val ool {0 gl :
(3.25 mg-(m*-d)™" > 41 (2.75 mg-(m*-d) ™). &5 §|_ 38 § § § § § § § § § 5 %9%
S UNEREINIT TS LU I R R R R
L teSE PR URECASTUCC I B RN AP | [
GEERL AR SN UL RS A P R ]
222 ANIRWEETFH 4 I o0 m v vV 1 1 0 IV Vv P

N T M KA B £ 25 e 2 3 o R AL

R, BERAHEK 4 FiRfR, A 4L TR Vel 4 TRV 9 S 5 B

ROECTR . R . R W RHE K I AR 228 R Fig.4 Nitrogen and pho:ﬁg(;rll;i trsemoval speed by substrate
FAnrE s fros . 75 DARBSERA S, R4
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Fig. 5 Relative proportion of nitrogen and phosphorus removal pathways in CWs
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24.19%~29.17%, ZEGHEYI 2R AL 34.84%~45.44% . (ER M LRI, HE Y 2= B> 5 e f>
YW A FE T o W RN & 5.36%~9.79% , 13a WA 4 %5 7K Ff 28 B W/ AR /N o 4B T BT
ST T R A N TN b A B Y5 K & B, A % 7K b L B BT R 5.809%~13.90%, HIVAE 4
PG 7K R AR R BRDTERAR /N, SARSEES B9 25 AR . R R BR AL i 34.84%~45.44% , UEIATE
WAVEH RN TR R LB MR, Mot A, & IR A 4 20 f00A: ) 28 25 B 6 1
34N (P<0.05). X 1l GE S W AR R 7 I e GE UE WA K IREE A R T R A i AR W ) 2 R
KA FEY 0 RS A AN B WS T (5.369~9.79%), 1A 5455 T i 28 W0 % 801G 22 1 (2
T 4.08%~10.60%).

TE 5 DANFER Sl v, RGEHEK T a5 2 o SRR 1Y 45.10%~64.07%,  F8 1) WIS 8 24 o
9.68%~16.76%, Hk J5 W B W5 29 7 20.919%~23.90%, FR G4 BR824 5 12.73%~17.11%. FEBE)
W, HEA R B S IR E 45.109%~64.07%, LA N TR X S LR SURE . XATRES
TP ¥ BE (IR FGE AT A5 AN T N T30 b0 JHG 2 R Ay 0% o 5 Jo W 86 L A 40 2 SR f A= 40 A PR 6T e 25 B3
YERI S8, U BA T 3 T B R N TN B R BR A R AR . A R T 9.68%~16.76%, Ui
P 0 K ol BB WOCVE AR /DN o 5 1 B U F 5 w0 e Ach L K B, A A R A ) A 1
HBE R R BR 1Y 4.819%~22.23% . LA AUV F 9 v i R U 1 b Ak 3 VS Gl YeT K R B, R ) R L
(7l 2 R 1Y 8.80% LA L AIFSY A A B, A A NI Ml 2 R 04 BT RR AN, S AR S A ALY
giit. iS5 1A, FEYABEYBE LR B mMAE, MASKHAAREES . X
S DR AR )RR 2R G A ) 1 AN T) S e 1 R B P R A W A T A A PO R ) B R AN ASORE 8 (9.68%~
16.76%) A WUSAE T, 83858 T G4 W %t 8 GBI T 1.829%~5.08%) 1) BR1EH .

23 ALEHREMEE D
231 WAEMFIN e S AR

A 2R RN 2 BN 3R 2 o o 45 21 b Al 2 W Hh R AR SC R B 35 % (coverage) R T
0.98, i B 3 25 2 0T AR 47 Mo AR RFEAC A B S 00, T4l Ml M., VA AV 4l 2
B OTU ¥ H 43518 1441, 1736, 1594, 1464 F1 1478, Ace 4352k 1770.18, 2 004.13, 1747.37,
1754.82 F1'1 672.91, Chao 43} 1 754.28., 2 063.44. 177299, 1806.11 fil 170538, KM T M5
HAZHA W 22 57 (P<0.05), Uil B MR scE TiMAED e, T4, TH. 4. V4m
V 41 () Shannon 1§ %7 & 4.99, 6.38, 6.01, 5.79 fll 5.59, Simpson $& %} 0.024 5. 0.003 3. 0.006 7.
0.0110F10.0208, HMWAHS I 44 W25 (P<0.05), Hr T4 2H i) e, 16 B Rl A A
VIR S B BE T ZRE 1R . AR S T UE YRR ZHEME R E B, X SRR R W AR
MR W BRI A A T RUAEY & A KA XD, 5ok, it @M m 09587 &8, Shannon Al
Sobs # 5 Z E 43014 0.828 F1 0.208(P<0.05). it FH fd A= 4y =F & B R 22 1 1) ol 58 A R 1 1l 2 0 X R

#2 ALBHREMEHEMEMFESTE

Table 2 Microbial diversity and richness in samples of CWs

ZEPETR L FR R

4171 ) e i B
Shannon Simpson Sobs Ace Chao
I 37707 4.99 0.024 5 1441 1770.18 1754.28 0.985
I 42513 6.38 0.003 3 1736 2004.13 2063.44 0.986
I 74 434 6.00 0.006 7 1594 1747.37 1772.99 0.994
v 38 033 5.79 0.0110 1464 1754.82 1 806.11 0.982
\ 49 548 5.59 0.020 8 1478 167291 1705.38 0.991
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() 2 BR1EH o A
232 HAWIT Ry EKFERLEF >N :
6 B T N 08 Hb 45 21 A Py i A A I

AW OTUXH . sl da m oTU% H K ‘
696, raldi Ta, e, M., VHAMV A
K E 8 OTU %4 H 4 48.33% . 40.09% . 43.66% .
47.54% N 47.09%, 156 W N 100 b % o 3l 26 )
FEVE BT W0l X A AR Rk
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%;’E;io 111
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(Proteobacteria). & BE W '] (Firmicutes). %k 725
W ] (Chloroflexi), J{ 2% I ] (Actinobacteria) .
il fb ¥ € W ] (Nitrospirae). L ¥ B 1]

(Bacteroidetes). FRFT T[] (Acidobacteria)Fl 2 H. %‘
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H BT, BLEBFSE e A TR0 (5 Eviropirae . ClCHovgfen
BT, AR IS E TR, BT AT B suciroidees W Proobaceria
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Abstract In order to investigate the effects of vegetation species on the purification performance of surface-
flow constructed wetlands(CWs) and its relationship with microbial community in CWs, the balance of nitrogen
and phosphorus, as well as the microbial community in CWs with four types of vegetation plantation were
studied. The results revealed that each CW had a good performance on NH;-N, TN and TP removal, and the
corresponding removal rates were 45.53%~80.95%, 53.67%~80.30% and 32.97%~55.77%, respectively.
Moreover, CWs with vegetation plantation generally presented a higher NH;-N, TN and TP removal rate than
CWs without vegetation plantation, of which Irispseudacorus planted CWs achieved the best nitrogen removal,
and Canna glauca planted CWs achieved the best phosphorus removal. In CWs, the main nitrogen removal was
dependent on the microbial process with removal rate of 31.349%~45.44%, and the main phosphorus removal
was ascribed to the substrate adsorption with removal rate of 20.90%~23.91%. However, CWs with vegetation
plantation showed higher nitrogen and phosphorus removal rates through microbes than CWs without vegetation
plantation. The high-throughput sequencing analysis indicated that CWs with vegetation plantation showed
higher microbial abundant, biodiversity and higher microbial abundance of denitrification and dephosphorization
than CWs without vegetation plantation. In addition, Pseudomonas, Acinetobacter, Bacillus and Nitrospira were
the main genus of denitrification and responsible for the high biological denitrification effect in CWs with
vegetation plantation, and the increase in the abundance of Pseudomonas and Acinetobacter were responsible for
the high biological dephosphorization effect.

Keywords surface-flow constructed wetlands; nitrogen and phosphorus removal; mass balance of nitrogen

and phosphorus; microbial community





