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ARS8k FRE M HE KRR
SMEMBENTT
Fheps ' EEE OB B DR’ Hw’ Ehe’

(I WSR-S A Ly
FLAEBRSLBE B BRLIT 75 85

201306; 2. AR Fp gl AT FRse & JR i S L P EKE
266071; 3. WERHTH K= HRAR MWE

265122)

WE AAEZREAENEAGEERA TR R SR E KT, BT T AL G5
HAFEZTEY/AAAL . BRIES COD WERUR, HA AL MM 5K E & A(DGGE)
AT AT BHABHEDNBFFEARMEN TR EREF, ATEMEKFAIIHEATHE
AR COD 2% B R B F, T EHRFELF] 4 (92.82+3.27)%. (72.53£2.31)%. (66.04+8.23)%:;
ALBHAANMENHARR Y EE, EARNEFELEMBEME . HELRNAESE ZHHE
My ALRBTARAKEN SHERERE)L ETREE, BBKRFTHETRAS;, ATEH
AEPEHBRTAMNERBEN; BAFANSFAATRBMLERRAMAEDHBRAERPVE]
(Proteobacteria) . L #F 1 | T(Bacteroidetes) . # % % I'1(Actinobacteria) . %1% # |(Verrucomicrobia) .
4 {642 7€ H | 1(Nitrospirae)#1 & & 1 | ] (Firmicutes), 2 # , F EW R S H#H B T ZHE [ THIAFHE T,

Kigia

hESES X714  XEFRIREE A

N T3 b Y5 K A B 22 Ge U5 X6 [ SR 18 s i B4
ERHET . YRR R ARG
B Ab2E A Y = P R F ok S B6HS K AR
FCEHEF, 2007). B F A TR HbF K £ AR HoA A2
BB A BERE/N . EHOE . RS R
ML, BRTE ) 2 N A B AR 5 K (B AL
& 2008; Kivaisi, 2001), Tl &K (8 E 4%, 2002;
Comin et al, 1997). fli5/K(Rivera et al, 1997), 3%
B K (T 555, 2008)55 % R BUAY 5K, (HAEAL
V3K SR FE AMNHEK T3 TR AT 55 R 20 UL o BB W Aok
D RS BREBMAEA . — O, R T
AL S K s SR ot A B AR KT S — T
I, AEYI T S 3 2 FhE SR BOE S 5 AR e 3=
FNATE I A (O (R SR, 2007; Dong et al, 2010),
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Jil PCR-DGGE HiAR 31 1T 258 AR A= W HE 7 1 4544
R SEAI ARG, DA RB N TR A
AR AL BIL ) 255 PR AR,

1 RS

FEE T L E AR E AR ERA TR RS
(B 1) ANTiBHEEE | PVC ARMRIVE, F8AHE N7
VAN EATRM, K 60 cm. Fi 40 cm. & 70 cm,

JKHE K BAIK 10 emo 27575 T8RS B0 L BR2k
R ATRE G B 2E ZE ) A EM A I 2R, S TR
TADRERS . AR B R A FLRE Ao N TR b L o
SE A M AR TE TR U8/ SR A Ol A%
3-5 cm), M CKIAE 2—4 cm) FIIEA A CKZ 4% 0-3 cm).,
N T AR ) Ry s R 8 ki 47 WE v . BEE STk . AR
RRIBMEAOKTE(H®SE, 2005), kA MWEHEHTT
FXMER, PSRN 64 BR/m’,

\ \
\ \
Pk E
Water inlet
oo odgooopoo oodooo ooo ,;l:/.ljﬂ( |
S1-3EK TIBIG 20em [|© ©© 00O O O 00 ooo R ater outlet
Corallite] |8 §85SHSS 668 38 568 S 35[0 D0HR WA 15 cm-S6
&?@@éﬁ O O, o) 00000 Corallite
0Q0
S2-#Ei 20 cm % & {:3 S 15 cm-S5
S3-HH# A1 20 cm O O O WA 20 cm-S4
oQogio Q0000
A /|
Hevs B
Sewage outfall
Bl BEAEEHRATEBBARS
Fig.1 Constructed integrated vertical flow wetland

2 RWHE
2.1 AR AL 7k 5558 S HE Kk s B

211  XEkt N T b Ak B 11 185 7K 5% 58 A1 HE
KAENTHECH], FZEREK . R i A RS I e 55
o . BRI A B0 . BRI — S B R AR A I T
o FEOKBFEPR N : AN 0.29-0.35 mg/L; iR
484 0.60-0.70 mg/L; COD & 7.38-9.42 mg/L., 1EHF
U], KA AR PR B S R . R 27.68—
29.62°C, V-314(28.70+0.72)°C 5 $h)¥ N 31.30-33.07,
A4 32.38+0.67; pH A 7.46-7.67, FHIHN 7.62+
0.03;DO0 A 1.67-3.00 mg/L, -4 4(2.32+0.61) mg/L.
N T B AR DL 7K 35 58 A HE K F N T b 2 3
KEHEA, o5 2t AT i A B4 i 5 AR S
YEHI K E g, SR I P K SR AR T 1 A e i
FAEERAL TR, HAGHR A 8—10 MR FE, /K 145 B i)
250 1.5 h, HEHHEIT 60 d xR EE, L7-8 d
H—IEARW, AT T S AR B, A AR

I 7K A5 7K B8 b 14 A8 A 1 o

212 KM T EREIBESA  RIECETE NI
FLIE ) (GB 12763.4-2007)#E 4 77K 6 b ARG I - 20 4L -
IR R ER A ALk BERREE - B LYk CoD:
B S R R AR . R . $hEE . pH. DO RA YSI
ZZHOK BT AGHEFTINRE o ] Origin 8.0 #{F3#E47
VEEUFEE 7347 -

22 ANILBEERA PCR-DGGE 4 #7

221 Hak% TEN T8 Hb R Ge v A g oK 5%
FEAMEPK BRI T, R RSB T PCR-DGGE
M DATRGE N 0 b P9 30 A f A 0 A v 25 4 A A B
HE AN . N1 ATRLE H, SRE TRy
FJZ(0-20cm, FEfgS S1). FJZ(20-40 cm, FE b
45 S2). JEJZ(40-60 cm, FESSS S3)F AT
MKJE(B0-50 cm, FEf4iS S4). H1Z(15-30 cm,

FEM SRS S5). FIE0-15cm, FEfhS S6), RER
B2 IR . 7E#E4T PCR-DGGE 73 M Z Hif,
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& JERE B T —20°CHIUKAE TR IV A

2.2.2 # & DNA #4935 shk REMHESET
KB G T, A 200 ml K5 280K, #
PR 10 min, fHIEAR 25 DL 120 r/min #%3% 30 min,
BV AE 8000 r/min 5.0 10 min, 37 FiEW, Y&
£EVUVE T DNA 25, DNA $2BCR ] CTAB ¥, E
1R T5 B2 IR %75 45(2006) . Miller 25(1999) 3k ik
7 o R FHAC I AR A AR A BR 2 7] A 7 B 50 Gkt
DNA MBI T T 4lifk

223 PCR Y DURE S LK 20 DNA AR, R
FRANEE S 19 GC-338F Al S18R(FE )Y HakEM 16S
DNA 5728 X 41, Hodr PCR §7#4 4/ 7% E Biometra
S EVAE I T-gradient B JE PCR A, SEE AR 0 92
[ Bio-Rad 2477 Gel-Doc 2000 BEIE 14 2 5%,
PCR ¥k ] OMEGA /A ] B DNA &% [n1 i ) &
afi Ak [ i

*1 5I9ER
Tab.1 PCR primers
%hl% % Sequence
Primer

338F CCT ACG GGA GGC AGC AG
518R ATT ACC GCG GCT GCT GG

GC338F CGCCCGGGGCGCGCLCCCGGGGCGGGGCGGG
GGCGCGGGGGG CCT ACG GGA GGC AGC AG

PCR #"#4{A £ (50 pl): 10x PCR Buffer 5 ul;
dNTP(2.5 mmol/L) 3.2 ul; rTag(5 U/ul) 0.4 pl;
GC-338F(20 mmol/L) 1 pl; 518R(20 mmol/L) 1 pl; #
Hx DNA 50 ng; #b ddH,O 2 50 pl,

PCR P ¥4#2E /. 94 CHIAZME 5 min; 94 CASTE
1 min, 55°CEME45s, 72°CIEM 1 min, 30 MEH;
2 72°C HEfH 10 min,

2.2.4 PCR =469 & bA4% B 5 Ik & 7k (DGGE) o #1

BU10 pl 3738 J5 1Y PCR =4 E4 728 T 450 B 68 e vl
K(DGGE)/ 1. RHZSTEMIE N 35%-55% . WREE N
8% 1) B TN 475 Tk Iz 8 JE (100% Ak 2 5 1 ) v 35 7 IR 2%
7 mol/L Fl 40% M UG IERTE 1xTAE Z2 0P 150 V.,
60°CfH L TH & T HLJK 5 he

SR A B BRI HL UK (DGGE) 52 B I, 3R TR e vk
XTEERE AT Y0, et e U . AL Gel-Doc2000 #E
A% R B AT RS L F R, R Quantity
one 43 HTEE .

225 DGGE B# ¥ %4 6 =i n 5 H
K FARTIYF FERNL R DGGE 254, >Rk A
OMEGA 7~ F] %) DNA HE R [nciat ) G gk mlie 5 i)
Z o SRIE LA 2 wl B iR, 338F/518R 5|

Y47 PCR 973

PCR P "#4{K £ (50 ul): 10x PCR Buffer 5 pl;
dNTP(2.5 mmol/L) 3.2 ul; rTag(5 U/ul) 0.4 ul; 338F
(20 mmol/L) 1 pl; 518R(20 mmol/L) 1 ul; Bk DNA 1 pl;
# ddH,0 £ 50 ul,

PCR ¥ 34 78F : 94 CHIZEYE 4 min; 94°CAEM: 30 s,
55°CEME:30s, 72°CHEM30s, 30 MEH; Hn, 72°C
FEAH 10 min,

FEE B 0 DNA R Bl ie i . glifb)s, %

25 pMDI18-T #fk I, Jf4% {2 DHSa B2 240l
o, e RH M SERE, RTINS o BT AT B
Y17 GenBank (45 2 H F Blast 47K R 07 .
226 #3EHH  DGGE K% H Quantity one %k
PEXT AN FE i LUK S5 B B L 55l 3% B i T Ak
ST )RR AR T B AR Y 2R 5
H'(Shannon-Wiener ¥84%), i (2)zUT T8 44 5 (8] 7
RUARRIPE: R %L Cs (Dice coefficient):

K S
le_zpilnpiZ_Z(Ni/N)ln(Ni/N) (D
i=1 i=1

v, p; AFE S R — 55T ISR B TR R L T
A BRI AT RO HE R, N ORTKGE TR T A RO
BRER, NS i DA RDOBE R, SRR
A S5 B B Y SR

CsAB=2L xp/(La+Lg)*100 )

A, CsAB hPKIE A FIYkiE B Z [ A IPE R
B Lag AUKIE A S5¥kE B LA BMIFEIM S La
JPKIE A _ERIZATE Le MUKGE B _EAYSHEL,

3 HREWR

3.1 AIiBMiAbBigKFREIMEKIR

RAEN TR P AEAE 7 P S B 2 Rl 4, HiaT
B et # A 2% , ¥5 K i) E EHLBRAT 5 B L A
YW P RIER . AW E . Z A, HE
AR AL SR AR AR T A5 (Reddy et al, 19975 Sun et al,
2007; Tanner et al, 2002; Vymazal et al, 2007), A T.iE
H A bk RS A R R, D
3 A A TR A AT L R S B R B . AT AL AT E
R EAVE G = A, E A LR
AL NS A A, AR — 259l S i T A P 3 1o
FEAE IR RS S AS R R G b bR (E RS, 2000),
AWFaat TR, HEK 2 A B 0.29-0.35 mg/L,
SEH45°4(0.3340.03) mg/L; fEALHE 6d 2 )5, HIKEA
W AR RN E , JEHA 0.008-0.04 mg/L, FH#h
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(0.02+0.01) mg/L; KFRFEHIN 87.61%-97.76%, T
¥709(92.82+3.27)%(I8 2), EBRBCREMAE,

0.4r
0.3

0.2F

ammonia nitrogen/(mg-L ")

L AU E Concentration of

0.0

I5 IIO lIS 2IO 2I5 3I0 3I5 4‘0 4I5
A7) Time/d
B2 ATt & A R
Fig.2 Effects of the constructed wetland on the
removal of ammonia nitrogen

N 00, XoF Al g 2 B3 = B2 30 5 366 Jo W BRI | A
Yy R A RN fole A 0 R it 3 4R A, JH b 35 o 1 W
FTRE R I EBRAT , 70%—87 %o 1K) AR 21 i X Ak
BRI 245, 2005; Reddy et al, 1998), A[A] ()
LT BRI B E S AR, SRS A Y Fe'tL AL,
Ca’ Fl Mg™ % &)@ i P S ih & A b 24 i vE
A R85 22 8 (Al-Omari e al, 2003) . ASHIFFE % %t
T TR A AR 4 1% W2 B 25 2R 1) 4 i (Sakadevan et al,
1998) Fl& A 2 5 45 o A S 41 1 R 6, o AR 4
M RERACR . WFEIIN], KRR ER R FE Y A 0.60—
0.70 mg/L, FH4°4(0.65+£0.05) mg/L; &K H/KBERREL
W REJL N 0.14-0.24 mg/L, “F1°4(0.18+0.02) mg/L;
FBR R K 65.74%75.98%, -394 (72.53+2.31)%
(K 3). AWF5EEVI(Yli-Halla et al, 1995; #AIHAE,
2006), x5k 09 A FH o R v A7 TR A R B — i e - A
FU(EPCy), #/KHHIBEIREWE = T EPCy, TS

E2N
Concentration of phosphate/(mg-L™")

5 lIO 1I5 2I0 2IS 3,0 3I5 4IO 4I5
i [A] Time/d
B3 T i R h A 28R
Fig.3 Effects of the constructed wetland on the
removal of phosphate

MR K B s ez, HEENREEE . Pt, RIEXT
8 P R R — e W e — > B AP i R . AR AT
MR B KRR L W B AR FE 0.2 mg/L 247, VI fig
o N Tl 5 ot 5 Ak B K 22 T 0 Tl T 5 Wk 3 3k 3] B
BVHRRA, SETTCHE PR BT K T i B R &5
COD Je:fiif i /K i i S A AL 2 D — A TR 24
bR, AT S WK AR Y 32 75 YRR B (R AT 2 %%, 2004;
THERAE 2012, BRIF4E, 2013), N TR X A HL B A
U R BRACR , KA R RV A WL AT 3 3
H L IO ) ek DR TV 1T R AR B R, TR R A3 etk B
PRAESEAE DA 5 wT s A AL VO3 3 35 o R ) AR
FRAR MG B A W) R BT . 53 i S AR R B (.
W45, 2010; Zhu et al, 1995), S Yy agACH4E H
SN TR ML 25 BRoK R TR A ML FEZEALE . FEARDER
AIE], 7K COD ¥R EETER R 7.38-9.42 mg/L, FH#k
(8.41x0.80) mg/L; £FKHi/K COD HREVERI N 1.83~-
4.78 mg/L, F¥I4(2.86+0.73) mg/L; G H K
40.84%77.63%, F-194(66.04+8.23)%. Hi/K COD ¥
B BE/NT 3 mg/L, 3525 20 KK BARE (& 4).

COD i
Concentration of COD/(mg-L™")

— N W kA NN
T, T

510 15 20 25 30 35 40 45
I} 5] Time/d
El4 AT COD b
Fig.4 Effects of the constructed wetland on the
removal of COD

32 ANIE#ERA PCR-DGGE & #f

3.2.1 a4y 16S tDNA V3 X PCR ¥ 3% DIFE i
FF 2 DNA M, SR A4 8 514 GC-338F Fll
S18R ¥ HEFE N 16S rDNA FAZ X F4], 152K EY
4230 bp ) DNA Bt ME S ATLIE 1, 6 DA
BEY i, REARES Y, B R
Y P, FHH PCR P AR R4

3.2.2 %A 4 DGGE 48 4 B #4547 BAE AN
16S rDNA V3 [X [ PCR 4" 34 ;= 1) 28725 P s B 5 Jise vl
e , FRASH N WA DGGE 43 K% (18 6), DGGE
Bl h 2 S 2 U B ) Z R R, A
S R 2 i B T s Wiz A B 1) T L AR AR
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600
500

400
300

200

100
bp

K5 PCR Y 34" Myse i v ik 1%
Fig.5 Agarose gel electrophoresis of PCR products
M: 100-600 bp DNA ladder; Nc: BPEXJHE Negative control

26
27
28
30 29

Kl 6 #FEM I DGGE B H vk &%
Fig.6 DGGE fingerprints of different samples

56, RoRNIZINE WA B Z BN E SE, 2006), AT
FEN TR IE TR S R 29 30 455500, JFH AL
SR SRR, SR N T b P S A R A A U A
BehdEe, &4 1.6, 11, 12, 13, 15, 16, 17, 23
SRR PR, I HAG SRR, BN TR
HAEEE A MUE R, XSS A SR,
X PSR AR A (A o 1 LU, FE N R S AN [

YIfeta E A (R A4, 2007), HEMTANRESR
EACOF RS AN, AR B 22 5. 4500
18. 20 7EFE S S3. S4. S5 HJE FHE I Z ML 5 Fh
B, FEIADAE S b S R AL, TR 5K LA
AN N T G0 1 7 A 1 R IR AR AR A R
Ah, BRER IR A A A O RREE FE, FTRES A
5 7K Ab B8 7 =X G P A AT
323 A B A AN TR TR B
JERE b 1 20 TR A T 2R R A R IR (D) TR R 45
RULE 7, S Y 2R R B A 2.8 DL L.
ME 7 ATLVE T, AT (ST, S2. S3)HY A’
HEW R E T FATR(S4. S5, Sk, TEEM
TRBKE Lt FATmm a2, kA AT
o, N TR X TS e B E R AR TE T AT IR
CEMRITAE, 2008), A AT A A BEAK 8 37 Eh ik
JEBCR AT C 28 0 R, DO o iy TR iy TH 46
[0 A = G N - S Ol W (LA B T 3 G
Wi, SRR, MUUF TR Z S1 W /A
e, REIT 3177, WRREHTFRE, 2= LAThoh
2 S5 5% HEEAR, Uk 2.804, LTRSS S6
NIHE 2,902, HEARAHK R S6 2, i . A .
BRI AR E SR OB L, A S6 2 Kt A
YRR, WPRZON . AP B . F AR iR R
DL R AN IR e AR R A E L, fRE S S6 1Y
THUE ) Z2 e R H5OSTTT EAE Y S5 1o

331

3.2p 3177 554

3.1F 3.071

3.033

3.0r
2.902

291
2.804

2.81

WA 2 FEVE TR HU(H)
Shannon-wiener index (H')

iy
I

2.71

2.6

ST 2 s3 s4 85 s6
Ff i Samples
K7 2R B Y AR B ()
Fig.7  Diversity index of microbial communities in
different samples

2 M ARYE Q) I T AR A R R T P
TEAINE R BU(Cs) o TR 2 AL Y, 45K i ] A A1
I R FOANTE] , AR b 5B AR S K 1) AR
I, Cs BU/NWEHE, Hah S2. S3. S4. S5, S6
Z AR R, ABTE 80%LA L. AR S S1
5JG 5 MFESZ IR Cs AXTEAR, - BIE /K T7 i bl
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®2 BHEmENMEYMRRBEILEREC, %)
Tab.2 Comparability index of microbial communities in
different samples (%)

PE4h Samples SI S2  S3 S4 S5 S6
S1 100 79.6 784 766 651 69.9
s2 796 100 90.1 86.0 81.1 81.1
s3 784 90.1 100 89.4 835 84.0
s4 76.6 860 89.4 100 85.1 88.5
S5 651 81.1 835 851 100 83.6
S6 69.9 81.1 840 885 83.6 100

FEE R RN R R, S5 S5 1 Cs A

65.1%, 5 S6 i Cs LTt %] 69.9%, X5 AL
[R] A M AR X I8 56 . N T AS [\ 1947 B 5 3K

=3

SRR A EE SRR, TR T 45 A /N BT,
% A RN SGE EAN R E RS K, oA
ANFE R HERE, TS EAFEREE Cs AR 5
Gh, AR SRR Cs i858 T 81.47%), ik
KT BB 2007)1 64.43%, X 5ABFFE KK AL B]
75 RONTEER K AL BEAT X

3.24 DGGE &4 AR K &y 5 o547 HE 6
HTbRICH) 30 SRS HEAT IR . M) )E , TE
GenBank 5#8 e b AT HE0E, HE RSS2 3. K
3ATLAEH, 30 Z40H7 T 1Y) DNA J¥515 GenBank
) NP 9 AT s I ARARLEE , HRTE 98%LA L, AT
PIACH R —Fp ., HEXTZE SRR, 30 &40 A 9 4
J& TSI H ] (Proteobacteria), 5 30%, . y-ARIE

MFF55H GenBank tbat 45 R

Tab.3 The comparison of the results of sequence and GenBank

2% Band AL (B 35 Closest relative bacteria(Accession number) AL Similarity(%) 4125 Classification

1 Uncultured Bacteroidetes bacterium(JX844001) 98 Bacteroidetes
2 Uncultured bacterium clone(U775370) 100 Environmental samples
3 Flavobacterium sp. KN6(HQ231950) 99 Bacteroidetes
4 Flavobacterium sp. H43(HM209363) 99 Bacteroidetes
5 Uncultured bacterium clone(JF745519) 100 Environmental samples
6 Uncultured bacterium clone(EU802122) 99 Environmental samples
7 Uncultured Nitrospirae bacterium(F183020) 99 Nitrospirae
8 Microbacteriaceae bacterium MS244c(JN616364) 100 Actinobacteria
9 Microbacterium sp. Y7(F192059) 99 Actinobacteria

10 Marinobacterium sp. 08XMAC-12(HM565972) 99 y-Proteobacteria

11 Uncultured Flectobacillus sp.( HQ111157) 100 Bacteroidetes

12 Uncultured bacterium(J534960) 98 Environmental samples

13 Flavobacterium sp. AcJ(KC853132) 100 Bacteroidetes

14 Uncultured delta proteobacterium(F344084) 99 o-Proteobacteria

15 Bdellovibrio sp. N322(KC836746) 99 o-Proteobacteria

16 Uncultured Methylobacteriaceae bacterium(JX575912) 100 o-Proteobacteria

17 Acinetobacter sp. PACT(HF936888) 100 y-Proteobacteria

18 Alpha proteobacterium 2715(B498881) 100 o-Proteobacteria

19 Glaciecola sp. KIF8-12(Q800127) 100 y-Proteobacteria

20 Alteromonadales bacterium(AM931132) 100 y-Proteobacteria

21 Uncultured Firmicutes bacterium(JN371677) 99 Firmicutes

22 Uncultured actino bacterium(GQ242437) 99 Actinobacteria

23 Uncultured bacterium(KC787589) 100 Environmental samples

24 Arthrobacter sp. LT37(KF202856) 100 Actinobacteria

25 Uncultured Verrucomicrobia bacterium(EF188433) 99 Verrucomicrobia

26 Uncultured actino bacterium(EF471555) 99 Actinobacteria

27 Uncultured bacterium(JQ769588) 99 Environmental samples

28 Uncultured Verrucomicrobia bacterium(EF188433) 99 Verrucomicrobia

29 Uncultured Rhodobacteraceae bacterium(KC917939) 100 o-Proteobacteria

30 Uncultured bacterium(FJ645555) 100 Environmental samples




% 6 9

EMME AT N T R K R IR MK AR S A M i v 7

¥ (y-Proteobacteria) 4 1>, a-ZEJ¥ [# 44 (a-Proteobacteria)
34, S-S LB A (S-Proteobacteria) 2 4~ 5 M@ THUFT
T ] (Bacteroidetes), 15§ 16.7%; 5 I~HUZEH ] (Actino-
bacteria), 5§ 16.7%; 2 NP ET] (Verrucomicrobia),
5 6.7%; 1 AEBER | J(Firmicutes), 5 3.3%; 1 ¥
LI JE ] (Nitrospirae), 5 3.3%; 7 DEHUGREY
PR 5% BE i B9 K J01Fh B (Environmental samples), &
23.3%. KER/F(18 4>, 15 60%) KA 137 (Uncu-
ltured) 4P o 155 EGRGARH 1. 6. 11, 12, 13, 15,
16, 17, 23 ", %47 6. 12, 23 J& T IREERE S AR
FORREE, S 1. 11, 13 JBTHFFETT, &0 15,
16, 17 8 TR,

AR Y TR T AEAR Z2 30 5% 0 R A AR 2 R B R
Y2 RE(P 45, 2009; O'Sullivan et al, 2002), {EAHT
FN TR = R RN, AR TR %
I SERE, b mtr T e B IR, RS T
WA 73 1 S e A DL y-"8 T T 40 (TR T Bk
4%, 2012; Naganuma et al, 2000)P7 & EL Bl F K. 5 I UFT
WA 3 AR AT H 8 (Flavobacterium) , TEAIR A B
TCESMT , EATTRE A i Rk 5O il R 48 4F A A
HL 2 AR BEAT ISP, [ EEA HL  A A (CARl Z2
2, 2012), XULHH N T8 Ho P9 E A7 A B AN AL E R -
AT T TT o e Bl sk, (H ik 26 08 e e U UE ) o 70
W el S A A2 TT AR AR S0 IS, A Rt
— SRR (TN A, 2011). 340, ZEAES TP 2] T
J& TR AL IR B 1 1 T A WA aE . I JLARIT PR R
TERSAL R FE rp B A i R 6 4804 A P B9 mT BB 2 il
FLARTE o A A B, AN 2 TR TR T B S AR AT B
(Nitrobacter) iX — 1% Gt i AL T @ H T A (40080 95 4%,
2007; Burrell et al, 1999; Lee ef al, 2002),

AT R G ARAR RN TR, E AR & A
AT T B9 AT 6 & (Flectobacillus sp.). KT # &
(Flavobacterium sp.) Fl1 72 JE T ] 14 4% 5K 1] J& (Bdell-
ovibrio sp.). W IEFT I (Methylobacteriaceae) . ANahFT
# J& (Acinetobacter sp.). Calheiros 5%(2010)F] ] PCR-
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Removal Effect of Mariculture Wastewater and Analysis of Microbial
Communities in Constructed Wetlands

WANG Jiapeng'?, CUI Zhengguo®"”, ZHOU Qiang'?, MA Shaosai’, QU Keming’, MAO Chengquan’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Qingdao  266071; 3. Haiyang Yellow Sea Aquatic Product Co., Ltd, Yantai 265122)

Abstract Constructed wetland, a new technique of wastewater treatment, has been widely used in
fresh aquaculture wastewater treatment but not in mariculture wastewater treatment. In present study,
we established a laboratory scale integrated vertical-flow constructed wetland (IVCW) to purify the
mariculture wastewater. We examined the removal efficiencies of the main pollutants such as ammonia
nitrogen, phosphate and chemical oxygen demand (COD), and explored the composition and structure of
the bacteria community in IVCW using denaturating gradient gel electrophoresis (DGGE). The results
suggest that the IVCW efficiently removed ammonia nitrogen, phosphate and COD (92.82+3.27)%,
(72.53£2.31)% and (66.04+8.23)%, respectively. The results show a variety of bacterial divisions in the
IVCW. The quantities of the dominant species were different in each layer of the IVCW. The Shannon-
Wiener (H") of the down-flow tank is higher than that of the up-flow tank and it shows a decreasing trend
along the water flow. The Dice coefficient (Cs) of microbial community in each layer showed an inverse
relationship between the distance along the water flow and Dice coefficient. Six known bacteria groups
including Proteobacteria, Bacteroidetes, Actinobacteria, Verrucomicrobia, Nitrospirae and Firmicutes
were observed in the IVCW, and Proteobacteria and Bacteroidetes were the dominant species. This study
provide a theoretical reference for elucidating the removal mechanism of contructed wetlands.

Key words Constructed wetlands; Microorganism; Mariculture wastewater; Removal effect; PCR-DGGE
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