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Abstract; Reclaimed water as supplemental source of urban rivers and lakes is regarded as an important approach to
improve urban aquatic ecological environment. However, high concentration of nitrogen and phosphorus from reclaimed

water can easily lead to eutrophication. Bacteria in constructed wetland are known to play an important role in aquatic
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ecological remediation. The community structure and diversity of cultural associated bacteria in roots of reed ( phragmites
australis) growing in reclaimed water management system ( reclaimed water treatment unit, cycling water treatment unit,
oxidation ponds) in Beijing Olympic Park was investigated in summer and autumn by 16S rDNA cloning, Amplified
Ribosomal DNA Restriction Analysis (ARDRA) , and sequence homology comparison. Canonical Correspondence Analysis
(CCA) and Two way Indicator Species Analysis ( TWINSPAN) were used to estimate and statistical test the effects of
environmental variables and other explanatory variables on bio-communities, especially to unravel the simultaneous response
of the species in a bacteria community to environmental variations when the effects are hidden by other large sources of
variation. Cluster analysis on bacteria clones showed that 29 operational taxonomic units ( OTUs) were identified based on
the similarity of ARDRA banding profiles in 328 cultural clones. Environmental changes resulted into a seasonal shift of
bacteria community on community density and diversity in reclaimed water management system. Community density and
evenness of root-associated aerobic bacteria in summer increased 76.37% —96.70% than those in autumn. Kinds of inflow
(reclaimed water or cycling water) and types of matrix both contributed to spatial variability of bacterial community. There
was relative high community diversity and density with reclaimed water inflow and IVCW matrix in reclaimed water treatment
unit. Spatial variability of bacteria community in summer increased with altering dominant species in each unit and more
accidental species. Therefore, reclaimed water treatment unit in summer with the highest community density (29. 9 X
10"CFU/g roots weight) and the Shannon-Weaver (H'=1.824). CCA and TWINSPAN analysis revealed that OTU, and
OTU, in constructed wetland system were with the wide ecological amplitude, which contributed to the stability of
constructed wetland system and hardly disturbed by water viabilities, played an important role in material metabolism and
energy metabolism. NH; TN ORP TP in water drived seasonal variability of community structure of reed root-associated
aerobic bacteria, while NO; \TDS pH  Sal in water leaded to spatial variability community structure of reed root—associated

aerobic bacteria of summer reclaimed management system.

Key Words:; reclaimed water; constructed wetland; ARDRA ; bacterial community structure and diversity ; CCA
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FEEAERT HRgeihE) 2010 4EALHTTTEAEKFI 6.8 42 m®, HH I AR 2.1 42 m? , o FEA KR LR
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P WL 48 R, B K AR AL T S (BOD) BBV IR (TSS) &7 M 7E N TR b 075 e
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(ARDRA) EPEREBEBERHLIK ( DGGE) \FECIFAL 238 (FISH) FORSAT . AL G U Wi IR k0 T 5
A YIRS S5 A R Z AL AR IR SR UAE Y3 IR i & SR R B 2R R i 5T 58 2o 155 R 5 i 28
A FAA S X6 18 Sz e A T 38 4 AT R TR) 20 F A AN BT SR, Qe 30 A TR B 28 R 2 AR R i 4
PR AT REACER T X% BUA MLTS e B B o B8 T R 2 A WL R N B T 2 K S AR R
IR E B IR EES YOt R X — B AN B T BEAE RS YK R vA BRI ELAT F G R T 0 X F
FEFFAE KR K IR MG A P A L B SR T I A9 DA b 5t BUBRDIC 5 2 Bl 728 KON T3 b i AL
RGBS B AR 53R 5 ARDRA FHZS G BB AR /3 i o2 5Bk 22 1Ak 2R B8 AN [R) T i X0 Hl 7 35 AR 45 &
GFAN DA B RV S50 S L2 R | I8 B BB X 1 43 B ( CCA ) 5% 7K T A8 S X AFE 7 25 4 1 5 il 48 78
S I R R VR 25 F R IR AR S SR BK R S AC  FEA K I T I M ] PR A5 B B2 AR AR
1 HERXER

BEARDT 5 A el N T30 b e Ak 22 G b b AL st vl b A7 F BRI s A [l el 7, F 2007 4E - IRis1T, %X &
R LT 2 T S i R Rl XA, 28R 11—12 °C w41, 6 °C | B (R TR-21.2
C., ZHFEKEZE L BIE 1200 mm A7, 24T E 2 600 mm, FERAE N ELA Y, 248 h TR
6—9 H , 2 551 85% b RGN B A EEA TIRHCNZ L, LUASE AN 7S, TR 2 2R
ARG Kok ATE A KT AR KA AL B 1 Sy BARDC 5o A bl =i eb e K, Horh B & EEH A
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Fig.1 Location and distribution of the purification system in Beijing Olympic Park
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Hig ik R0 RW . CW 0P DRE X /B ARAT 27 25 AR A i B 2 i 4 LB i A S5 AR R AR T B T —
S 57 B 1 SR S AR, FEXTRE S AT R, HZE S SRW  SCW SOP , Bk ZE 45 T g XA i
5 ARW ACW AOP, FE FKPIZ/3 i1 3 AN IIREX YA 3 AR, SREEKFE, 2T 5 &5 YA L iy K
RE B FRALIE PR, ATRE SRR AT [T SE e = Ab 8, Ho K IR AL 2R T S (COD) Bk (TP ) R E AR ik
WI5E  NH NO; VR 1B T (3% (1CS- 1500 £ 1CS-90 # | [ Dionex) M E , K4 8 (TN ) R FHE % Multi
N/C UV Mg . HAK RS H, iEH44 %K a(CHL) JARA (DO) A T (C17) 54 #E (PCY) (EhE
(Sal) EVAEMEPEREIAR(TDS) (LR REL(SPC) A LIE JEHL 7 (ORP) B 7K BT 1Y ( Hydrolab Datasonde5 5 X, the
United States) B3z 2 , Ml 2 45 R WL 1,

F1 EUAEFKREUMER

Table 1 Water quality of constructed wetland in autumn and summer

ZH HERAKK  HREHKK  HREMSE  BEH4KK BEEHKX Bk A
Parameter SRW SCW sop ARW ACW AOP
PRt pH 7.64£0.16 8.82+0.33 8.44+0.22 8.01+0.13 7.93+0.01 8.17+0.13
4% a Chlorophyll-a CHL/( pg/L) 12.8543.30  14.21+1.73 1.40£0.30  4.53+0.93 6.51+0.08 2.82£0.83
W4, Dissolved oxygen DO/ (mg/L) 4.83+£1.24  7.59£0.33 7.65+0.58 3.60 +0.64 3.75:0.11 4.10£0.13
BT A7/ (mg/L) 150.60£7.85  40.90+4.33  329.30+22.80 577.70+50.00 513.00+1.41  494.90£0.21
4 Cyanobacteria PCY/( cell/mL) 1182+155.91 1318 +18.48 523 +65.50 326 +3.53 1412 +30. 64 84 +14.8
I Sal/(ng/L) 0.37+0.03 0.46 +0.03 0.42+0.02  0.39+0.09  0.39:0.02  0.40+0.01
BUETEE K Total dissolved solid TDS/(g/L) 0.4573£0.04  0.5025%0.0128 0.5148 £0.0125 0.4858 £0.0092 0.4833 =0.0197 0.4927 =0.0125
M 3 2 Specific conductance SPC/(ms/cm) 709.30 £52.04 784.70£0.92  804.90 £30.23 758.50 +15.25 755.70 +6.43  769.60 +19.39
AL L, Oxidation-reduction potential ORP/mV — 282.00 +23. 86 340 +13.86 380 + 8.50 653 +24.82 711 +10. 60 708 +7.93
b2 E A Chemical oxygen demand COD/(mg/L) 29.7+7.8 15.9+2.19 40.9+2.44 45.6+1.00 78.7+4.56 29.3 +0.64
B Total phosphorus TP/ (mg/L) 0.09 +0.01 0.04 +0.01 0.01£0.01 0.25+0.00  0.27£0.02  0.24+0.01
B Total nitrogen TN/ (mg/L) 1.32+0.33 3.89+0.08 1.63£0.06  5.05+0.05 5.48+0.24  4.05+0.19
HARE T NH/ (mg/L) 0.09 +0.01 0.1£0.0 0.11+0.01 0.29+0.03 0.38+0.04 0.87+0.03
WA EF NO3/ (mg/L) 0.36+0.07 2.63£0.11 1.00 £ 0.04 1.29£0.12 1.77£0.16 1.06 £ 0.04

SRW; summer reclaimed water; SCW ; summer cycling water; SOP; summer oxidation ponds; ARW; autumn reclaimed water; ACW ; autumn cycling water; AOP ; autumn

oxidation ponds

2.2 MWRESGWHEEETE G R alifl

PR R MG BB B AR R E TREGAUE D KRR EMEEY) , BERETHE T EIR AR 1 g, #H
TCRIZKIEE 3 WK, TCRIE AR 2 42K 4y, BT K BEWFER I, A /2D i TG B A 9 b S /b 8 TE TR K S s e 2
100 mL, IR B, R LB 3G 34555 AT 3 P47, 76 30 C &4 ME| B 557 48 h, id % IE
TERCE AT B TR B H | B VR R 30—300 i B A4 B B A, K I BA T v ) B e )
2 LB i VAl b sy egaiifh.

2.3 P14 16S tDNA BRI T
2.3.1 PCR Bt &

FHTCH 2P 5 O aifb ) AR BT 20 wL JoE ddH, 0 H, B F b K3 236 10 min, 57 B B F K
F'5 min,4 °C,10000 rpm B> 5 min, BT UK, R 2.0 wl &R >,

2.3.2 16S tDNA §"1%

KA @ 54 765, 5'-GGAGCAAACAGGATTTGATA-3', F1 1492r. 5'-GGTTACCTTGTTACGACTT -
3/ XA B DNA SEA 7974, 25 L 9 IR R AU 12,5 uL 2xTaq PCR Master Mix ( RARAALRHEAT PR
KT201-12),1 pL 10 pmol/L 314 765f F11 wL 10 wmol/L 1492r (£ TAEW THFE( FifE) ABR/AT]) , 2 wL DNA
FEHT,8.5 wL TLHIZK, PCR WAL 94 °C, 5 min;30 MEMALHE 94 °C 30 5,55 °C,1 min,72 °C,1 min;72 C
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FEM 10 min;4 CHRAE, 1.0% MIIEIRHEEE AT PCR 724,
2.3.3  PH R B 1

FHBR I PE N VIR Haelll XF PCR ¥ Y], 10 wL BEVIA R .5 pL PCR 7#4,0.3 pL Haelll (10 U/pL),
1 pL 10xbuffer, 3.7 pL WZE/K, 37 CRN 4 h, BFUIPIH 2. 0% B HEEERS LUK , 1 XTAE HLUKZZ ik, 100
V HLPK 60 min, LT ) HL UK R
2.4 GEitEdE

Pl 115 8., 6 Bl D) 13 58 4 — S0 B 7 0 4 1 A $AE 43 25 BT (operational taxonomic unit,
OTU) ) Ja At 16 i s A7 A A B (I BR B A AN B B L, I3 F SPSSI8. 0 B A 2, MR 4 2 2 Hr 4 T
VR S ZREESM T . AU Shannon-Weaver 1650 (H') W0 2R TE RE TS 255 Z R0, DL ET TR ) BEFR 4L, A
Margale $5%50(D") WM B E &, CCA HEF K H Canoco for Windows 4. 5 Fl TWINSPAN #4440 3 7] 58 A, ,
HAYE R B Microsoft Excel 2007 52, ZHEMTEMFEEGTR AT .

H ==Y plnp, ; I =2 S|
i=1

InN s D= InN

K, P, = n/N,S EEERI2E n, J25 | ROFHEGE, N R RS
3 £R551%
3.1 MBS R BT

N T3 b Bl A R v 4 B S5 15 K R LA VI C R A B0 5T e ) R B B IR A OG0T
TS BT S W3 2 , N AR SR | 2 ARG S Wk I 4% FE 3 Rk 2R 14 76. 37 % —96.70% , F.
A ZE RN, IR 22 SO AR KRG K 48 & T E i T b b BEE A S ) | e
YIRETE = b, MAMKOK B 22 558, A K A B DX A A e 5 2% 38 v TG PR /K A B I, SRR 2R 7 AN TR 1)
REIX B0 AR A 20 A M S A — 25 20 B PR 888 DR b P S5 AR 45 5 AN B V5 8 E (R B2 ), 2R ] spearman Bk
FHIE R BT HT (32 4) K IR BE IR 1 X E V% 4% B A0 52 ), 465 51 S R e Ak 2R GE K R NHG ¥ (0. 9347 P <
0.001) F1 ORP(0.886 " ,P < 0.005 ) 5 Ff V& % 5 i A0 ¢, RS2 AN 4% FERT S 2 R EZERE

R2 AERESHERETE

Table 2 Community density of the different water treatment units

B e 1 A ML o
(x107CFU/g) Integrated vertical-flow constructed wetlands ()Xi(f:tion E}‘Jond
Species density K X Reclaimed water PEFRIKIX Cycling water
X7 Summer 29.900 +6.700 3.280 0. 624 0.923 40. 170
#ZE Autumn 0.925 #0.335 0.775 $0.176 0. 148 0. 023

3.2 PTEEARGE G AR I A AL i s s R S AT

W BT KRS 138 AR EWIRI4r N 29 4 OTUs, 4> OTUs /MU R —Fh 4 , R IAIFIE X 2 /D
G340 29 MORE AN (K 2) . Hidr 16 4~ OTUs J& TE 2,14 4~ OTUs J& T8k Z=, OTU,, J& E R ZEmE— 1 Hh
OTU , iz N AR P KA WS . 2% 16 > OTUs 1,11 4~ OTUs J& T A K AL B IX 8 4>
OTUs J& TAEFRKALBEIX 4 4~ OTUs J& T LI, Hrp OTU, , OTU,, &5 2= 3 D INRE X LA 288, OTU, M
Az K Ak 3 DX R 7K A 3 X8 L S 3t R S AR SR (R AR DR IS RE , OTU . MFAE JK IX R AL 38 1 DL 34 DS
TN IR K X AR W, 114> OTUs J& TATNREX A5 OTU, %A OTU F AR L34S ol (WL 287, H:
o 8 A OTUs J& TR KA FEX 3 4> OTUs J& TR /KA FIX . FkZ 14 4> OTUs o,

6 1~ OTUs J& THAEKALBEIX |5 /> OTUs J& TAEH/KALBEIX 10 4~ OTUs J& T4 b, Hrr 0TU,,,0TU 4
R 3 AN IRE X B A ERE, OTU,, MUFAR AR A 1 X RIIG R 7K A B X8 L S B asd 38 R SR AR i A B AR 32k
B OTU  FkZ 3 DNINREX LA TEHERE, 9 41 OTUs JBR TR INFERAFA OTU, 5 OTU X AR 3t
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Clone number of OTUs/total clones

1. T IIIIi
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K95 OTU number

B2 AFOTUs S BEEKELSBREKPHSH
Fig.2 Bacterial number distribution of OTUs in all bacterial number

SRW . HZHEKIX ;SCW . HZJEHIKIX ;S0P . H A=A ARW . FAERA KX ;ACW . FKEFEHIKIX ; AOP ;. FkF4A L

o LR R HorP 2 A OTUs J& T H2E K AL BEX 2 4> OTUs J& TR /KA HLIX |5 4> OTUs J& T8 Ak, Al il
T S A X Il A R R A 5 A 1 i g A R B 2 Bl ) B 25 N K (R R B A b v TRk
7, R AL L e RS RS A B

HRAE A OTUs 4277 B AR5 12008 5 P BB AR B L), X B RR I 04T T 48 (6 3) o AT x 3
IRESEUF S AR S A 500 E BARIAE . H— | LRI R AR, ARSI S WS 3 KRR Y
OTU R Z Rk o Bk (0 SR E o L S PR3, P B ARAS B I S A R VR 254 s 1) 22
SEBRIN . H— 5 AT A T8 M (P A K A HR X 898 7K b FRLIX ) 45 S A 3 A P 34 I B R £ D
KRRl T A T N TR (P2 K AR BIX A PR K A 2 X ) 2 S A I O 45 S0 T A D 28 i 4
A SN = R R D RE X R 4 28 22 S 34 K, AR K AL B X OTU, HT OT U, , A AR K b 2 X Ay
OTU, , L3y OTU, il OTU,, ., =3 ILRIME A S 202 & i A\ IR £ 5 B R 3y S el . 5 AR A
B AN RETE S5 H 28 ) 22 SRR I e — U E & i N TN = g B v, 395 B A AL
R = ARRIDIREIX Z A LB T — 80, 380 OTU . ZE A AR OTUs 43 55 B R 7E A2 585 B ik v 1)
I3 KA G REIE S Gt o BT A, 2R A i 28 0 R AR AT R (08 DL S S [/ P 75 L ik e
FEVR SSA (0 4 58 B S35 B R T i et A IO DR 34 e 22 BE AR, R AT 0% 8 DL KA e o T B £ DL 2%
FERIZREW D o A8 WA S I BRI R A RS 2

R3 FUREUEFRAFEREGEFFELEMNNETESR

Table 3 Spatial variability of bacterial community structure in reclaimed water management system

B AL JEES ) Eé ?Eé B ) @(?a bﬁké
Community composition AKX (CEL/NES AL FEAK X PEFIKIX A ALHEIX
SRW SCW sop ARW ACW AOP
RS 5324/ 0TU 2 1 2 1 1 1
Dominant species W%/ CFU 22/21 44 32/30 13 31 20
BEE A % 56.6 62.9 74.7 50 83.8 55.6
ERy =Ryl 5324/ 0TU 4 3 1 2 0 3
Not dominant species 7%/ CFU 27 20 20 10 0 10
B EH A % 35.5 28.6 24.1 38.5 0 27.8
fE I 5328/ 0TU 5 4 1 3 4 6
Rare species H V& E/ CFU 6 6 1 3 6 6
Bt |5/ % 7.9 8.6 1.2 11.5 16.2 16.7
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SRR TS T X AR AR 3 AT SR B S0, SR FH Spearman BRAH DG /3 A 1 7 AR HE OB A 40 1 5
FEK AR Z BRI R G5RAaNR 4, RS8BT 5 B S PCY WREEAHE (r=0.7717 ,P<0.05) , fH L2
BEFT S A0S ORP(r=0.7717 ,P<0.05) TP (r=0.771" ,P<0.01) . TN(r=0.771"*,P<0.05) .NH}(r=
0.829" ,P<0.05) AHC, FHICHr4s R WA TR AL F IS HE R /K BT v Ak 1) 2 2 Bk, DL X Bk IR s
B EZEEN, 5KIEREEFREEMC, 50T MERE LRI B 0 LUK AR PCY e B3
e TGN A B DL — i R S 50 2 BOR b (04 7 A 50 C AR R 0 9 T i B, Y8 K AR 8 37K
RS AR T BRI 1) A2 2 D2t B I 3 DR 2% el 2 5 S80I 1 38 107 1k S o 300 R A1 L IS 0 ol
A S UL BB,

x4 KRIEGSFEREGEARFEHMHEXESHT

Table 4 Correlation analysis of Water quality and bacterial community characteristics

LEES ¥ N T e - AHIC R AL - s .

S Bk IRESelE JROUSZERE RIS Bedkm e IREEHE JROUA2ERT R

Spearman . . . Spearman . . . (s

ati Species Dominant Not dominan Rare ati Species Dominant ~ Not dominant Rare OTU

SOIT 1on orTe. on re S

0 e.a. ° density OTUs OTUs OTUs o e.a. © density OTUs OTUs are

coefficient coefficient
pH -0.143 0.086 -0.143 -0.143 SPC -0.257 0.143 -0.257 -0.257
CHL 0.657 0.086 0.314 -0.029 ORP -0.886" " 0.143 -0.543 0.771*
DO 0.257 0.429 -0.257 -0. 714 COD -0.257 0.257 -0.257 0.086
Cl™ -0.543 -0.257 -0.029 0.543 TP -0.371 -0.143 -0.029 0.771°
PCY 0.314 0.771* -0.371 -0.200 TN -0.600 0.029 -0.257 0.771°*
Sal -0.203 0.232 -0.290 -0.116 NH; -0.943** -0.086 -0.429 0.829 "
TDS -0.257 0.143 -0.257 -0.257 NO3 -0. 143 0.200 -0.143 0.429

3.3 FEMRA G AW 2R

K Z AR B — 20 00 A P 25 AR A G R RV 1Y B 25 A8 S 45 R L3R 50 Hidh ) Shannon-Weaver
RECZ TR AN 5 B EOR  Margale 1650 BRI 7R 0 Fh =5 8 B2, 1950 BE S8 BOUR L RE & W0 R 8 S MR
MEH A LU B k22 53 B N\ TR 35 RS 5 A A HEV% Shannon-Weaver F840 F & JE 18
B E 3G, B B BUR AN, S DU AN TR I 7% 120 50 BE 95 £ /N, Shannon-Weaver $5 40 /% Margale
TR B A E A TR S F I W 2 FE R R R 25 5, B RmAKEL RS T, B K
Qb PR X H 8 5 Shannon-Weaver $5§ %1 Margale #5841, % fb 3 X Shannon-Weaver 5 %8  Margale 5§ %04b T Ik 7K
e HRAERKZ T A KA R G b A AL 3 X B 5 Shannon-Weaver 8 %1 Margale 8 %1, 7 ¥/ 7K X Shannon-
Weaver 1540 Margale 18U RL I KV, ERTE , AL TEAN B BE VR 2R 2 1 sh A2 oy, T2 4 3 B
TN TR H A B RV AP E R AR R K AR /KA B IX I B 7K A 3 X 53 Bk = A B R % 4, 6 B M
B R

R5 UERFABEFAFREAARSHEMESN

Table 5 Diversity of bacterial community of three water treatment units and two seasons

ZREPETREL HZEFHAKX H IR KIX HEAIEX BEFEKX  BEREHKIX B ALYE X
Diversity index SRW SCW SOP ARW ACW AOP

" = o

Shannon-Weaver # 1.824 1.259 1.131 1.349 0.659 1.483
Shannon-Weave index

Margale 54§ Margale index 2.309 1.648 0.679 1.535 1.108 2.232
5 BEHE %L Evenness index 0.761 0. 606 0.816 0.753 0.409 0.675

3.4 CCA fEFartr
g e — 35 AT R AR K TR e Ak 2R 5 A0 T R T S5 48 5K T S B0 N 56 R 4545 i FH SIS R 20 BT (CCA)
HEF L AR a1 48 7 B 43 2235 (TWINSPAN) |, 43 B S5 Bk PR 25 41 B8 7% 45 R RRE S R R, L 6 BETJT I 29 A~
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OTUs 7 Ff 7% Hp AR 28 8 B 0 R [ A 12 Fh R 58 2 8504 A 10 PR 58 28 H i R St 85 | 2 FH CCA HE L 15 5]
R Wb PRBEIN A 56 2R 0 —4EHEF IR, 37 8 FH TWINSPAN K 29 4~ OTUs 43k 7 25( 81 3) . HEFZE R
LW, CCA HEFPEISE—Hh AXT RIS — il AX2 AHRIF(E 23T 5 BARFEE Y 65.06% , HEF A& T KR4 5
B HEPRUR RAF, 76 CCA HEF B Al H = MIBAFS5- /R, P Fh Z ) Je 1 AR 5% A8 MR R B AT TIRAH G
FETT R AR R 2 A5 22 18] 1 9 3 A3 W) 6 /iy TR AR B, A5 PR B R T A Sk e, i Sk R 0 R I
AR - SRR 3 A0 AH DG I RN R BRI AR DG MR R, e 2 /g DAL S i Sk R K BT LU
BRI 12 A5 Z05 YA G B 7K PRBE AR S0 P 25 AR A5 5 I SO TR 0 25 4 25 ) A A IR DU AR A — o R EE 1Y
s b TDS (pH A DO Sal \ TP ,ORP X5 BRI VR Z5 I 25 A0 A s A K, TN 3¢ NH \NO; X 7% 25
P 25 48 S DT R A e o Sk O )RR PRBE AR i 2 R Bl PR AR i 5 HE T A 2 [ 0GR I MR R OGP
A Ho NH TN ORP [ TP 5%4( 1 i R 2541, NO; \TDS pH {H . Sal 5% 2 Sl 1M X,

I
LO| gdisic 1.5
0
A copTP
CH 3a PCY . CHL,
HESEMANE
23 | PCY CHES P
N wigh ze N
N Ba TR ALY 11 NH* » Ak
= 2 OD % ORP 2 5
;; a ORP ; L P .
TN “ I
N 3 Coss (ol
B won s g )
A
Pa L A
DO &Y NOy
1
DO
" ok ST
L
TDS Sal pH
-1.5 a -1.5 b
-1.0 ) 15 -15 ) 1.0
414 Axis 1 15 Axis 1

3 29 OTUs Ky CCA WiHF B, Hh a ABMBWEYH SIREEFH CCA #HFE,b 23T a EHE 4 XWH K, REUSHEUMHSK
JRH CCA HEFF

Fig.3 Bi-plot (species and environmental variables) of CCA for summer and autumn survey on bacterial diversity in reclaimed water
purification system(a) , Bi-plot ( species and environmental variables) of CCA for autumn survey on diversity of unique bacteria, which is the
additional information of (b)

T 0 oA RFBRAEHHTE B DHCT 0 T RCRRET S5 S5, WS 1 26 (U2 TWINSPAN XTI 41K

s TWINSPAN Xty or 2t 5 F K 3 129 OTUs P8l ok 4 28, Hoh 2y =28 iile: . s 1 2%,
A5 IV (SRW) BEJ5 AN WL RE BB AR 3R 56 2 25, & IV . V (SRW  SCW) #£05 A FlRE , H b 34
FREARDEARI 26 3 25 08V  VI(SCW SOP) #E B AT Bl & VR I BIA Bl Bk 240 S — 28 BIER 4 2 58
4 BAUFERR A 2 E, B 3 PR 2 Sl HERE oL e R G B X R G R B X B X PRBE S S
PEROR , A SR L) V2 FE N ) RN e S A P R S E BEAE T, W, OTU (B) 7EE 2 3 NI RE X4 8L,
h B ZE A KA BRI AR SRl SR oK B b i EEEERE 26 1 Jm B R ol B B AR K AL B X A A
Dy 52 REE TR, B/ DR BT R AL R G WK RS AR BRI EEVTAR 2 fh A
YA U A Gk, MR R A A 1 BRI AR A A R R E R 22 R N 3 i
AILAE 1, NH; )TN ORP TP J& P804 b 2 G0 nl 15 77 40 1F V% 2= 45 8 BR A9 £ B K i A8 i, NO; .\ TDS  pH , Sal
S FBOL N IR AN VR S 2 RO Y =N R . 5 2 28 AR OTU, (a) OTU,(B) 5 PCY Al
CHL ZUIAC XK A B TR AL 5B H A ISR . 50 3 28 A& R T SOP I OTU, (g) MeAeJr SCW
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HUWLZERE OTU, () OTU(j) \OTU,, (k) \OTU,((p) 5 DO BA YK F, DO J2 20351 S AL 1f i PR3 1Y)
BN T SRS 5 G B BT b B[R] S A R R s DA R I VR A A B R
951 R HIE KR E ST N AR B E R U FAE KRR (P B2 T X AR 255 40 R A 7 1Y
B DLERER 73 A ks R | 5 b — LA G AN P 428 0 A, NI 3l LI Y BRSO S5 AR 455 mT i
2 AR 7 5 R A0 FE HE I 2 25 /K T R (R T B 25 L | 3k 55 Rk 2 4% A 3L IX VAL BOR B AR, 4% D) RE IX P 342
Tl T—8CE BERAR, S50 0RERTLIE N 52 M 4 R EAXT & 8, Z BT 73 i 45
AN, 0 () RKEEE R SE 3 DIIREIX AT L3I, OTU , (1) ZERKZ 3L R4 3 D IhiE X h 47 B, (3
KRS BTG FARBYICR X UL R A K Brd L AN, 56 1 8w b2 TN | TP
WIE 26 3 KBt = DO NH; | Sal ¥R JE X 28 5 7KIK S B SRR T3 DIAROC  (HX SRR L3
4 it54iE

RAEWFFERA A YN TR PR A OVER], DT8R M Y Z R R R T AR 2 i B 7k Had
SIS A TR IR EAR KR YIRS 0k HRB S B AR RS A0 43 0 s A= 00 , A 1 4 T S5 Wt b, v 240 A7
PRI ELIE O, ABJE, JEFRE R OUFATE TR FHAS [m] 5 S e | mT DAE 48 174 2 ettt v %o A [ 9 95 L 5 i )
FHRE T A A 200 QARG ORI LB 5 3% 56 00 B 1 40 1T AT LA S Xt 7 K R R R AR 1B 2K
MR DR 3 A5 BT LB ELAR S0 R M A R 2SR 02 RAB S KR 8 TR I e 3 T L 2 7
SR ML S K S B F B 5RO T HAE KK IR MK A= BB E LA 2R = X,
4.1 HAL RG] R R ARG G AR VR R N A s 22

TR 5 PREE R 7 Z A 25 D) B MR 6 2R, VR 29T AR DA D VR S5 A R E 2 T IR 7 S R B R 1
K 17 (45 2 SZ A AR R RGN 3l R Z= 5284k 57K AR B T2 15 7KK AR K BRI 25 Z2 R R R
s T 2 T ILR R M YR TR 25 S 2 e s S 00

(1) WL RGP B GRS % VR SR B S R B E N FE T 2SR, B
TR RGP B R A G W AN R 5 BN, X 5 B 2k Z i b R AN e BT L8 o o L v
K AEPEFA R BB WA 1 40 Lol DA OC . B Rk = 6 3 FLR A TR A i v 20 R R 1925
R € b N R I S B RS I ey i N RT3 e ey £ o et K S £ By 4 S ]
a5 . Florent Chazarenc 55K H Biolog Ecoplate A5 754 A T M4 Wy ie v et 28 22 S b A7 400, 4%
BN EY B REME YL SR F BN R 2 — | R R A 5T XA R K A ] 15 35 40 o 14
GRS AN AR R TR . EREPHAR IR AT LB [ MACR: 77 5655 35775 R PCR-DGGE AR X85 227K
VEANTRRE& S5 A0 BT ST, G5 SRR 7 22 R S BUM IR G50 2 A i As ) i R 2% 453 e ki 78 3K AR )
R B 2k WA I AR 20 A e B DR 2715 22 3 AL %) A R S AU S AR VAR PRt A A 0 24 Y I 25 5
HERZ I KT Y i 2 BRaseR 0 s AR IS vl A, FEVR A S R G UK AR A IS R G rp R RS IRk ik 5
IR AR VR S A BF T A R R W AN R I 2 2= s, R A 2= R0 . fE AR KRk R e, 2
2 1) B A0 2= e AN R AR T A AR SR A T AR R R 2R 1 A T A A B R 1 T LR BOR T E AG
ZE YIRS AR R I BTRE ) W A S RERRAI , A — T ) ) B 2595 A R AIG  ARFE T4
A Bt Rl VE F A K BT N IR A S D RE A2 B 52, K BT AL RICR BRI, E— DA A /K AR BIL 17 £
Fel5 YR B K BB AL, AN TR 25 5 M S REERRAIG, BEVR 2 M = A 22 e

(2) FAL R GEPTEEARSE G AT R IR AN G RE 78 55 BE AN G RE VR AL R IR RV 2 AR PR R B (0 2 Y s ) 22
5o BSR40 22 7 W s TRk B 2 b R e s ) 22 S BLARCSR BN 52 4 T W 5 e T i
USRS B B A R BRI, I A EED X 5 5 A 1 B R AR DL SRR DT A B
53 HEHG AR OC ; P A2 7K AL B ARG PR K Ab B DX ] 55 SR A R v 5 T\ 2R E R B I o) BEksn X 5 R
IKEAE DA RS RE ARRASEREIS BN I, AEOCIASER L 5 20 FeRg I 48 WA 1 20 LD ARG . Bk
M ZR Ge 25 18] 53 A FRAE LA SR I <3 SRR D e X B A MR R 342, 1B 3 D Thig AL A 4 L 2 2L
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F 225 M DL 17 73 LUAE 3 25 D RE DX H AR [RS8 5 526 3 0 I 4 e 0 4 e 30 200 T A v 22 R o T
P 5 AR AU AN B, X5 52 T BRI A SR L DL SIS TR Il A 5 5 PR AR A A B IX
VPR AR BRI ] IR A0 R R v 2 B AP R BT X 5 P AR K AR PR X AR DRSS TR, oy
ORI R IR O , AR Z 0 BT 4l SR — B W A 7R Ak B XL e v RO RV 2 BE PN R eV 2R . ATABIESE
RN A P S H LT R 2 A AE 35 G R U E W BRSO B BURAE
TF 7 Fe W14 m M R 8 1A 2 RE MR B T R G R LA ABCR R e M R B )Y i T2 e
HHAEIIREZ B [FIREAFAE W00 R B A T B LI IR A5 40 S /K AT R TR M8 % KOs g e oy
Ay S FR-RB USRI BRI B, A A T A W A A BB R I (R e S A L) R W 5 B, B im kAt
BRI R RO B 9 25 SR S A P B R A DRI B R R, A K b R R AL BRSO R
F T BRGSO A YR S A L2 R AR | 6 R R S T 2R S
A ARSI IR SRS W A KR 7K Q3 28 8 HR A [+ A P DX AR A D i 8 A 22 S ) DA
4.2 WAL RGTERES G AR R AR A5 KR AR LG R

SR 20 B ARV 4 F S 7B =2 8] B 5 R A W 5 18, P TSI iE W 2 R T SR ik, EA AR
P52 WK BOIR DU X A e 5™ A BB ) ) [ IR AR 0 365 I R IR 0 BSOS A PRI, Bl W eI AP 2
P K IR B DRV A R RAE ™ SRR AR I R BRI E i 32 57K i TN & COD i % 255
AR B S BF 58 R WIS K BOD 1 2 BR 3 55 2 A 3 B A0 TR B 3 A DG, CCA
TWINSPAN &P BATRSR R BERE S Y 208t 7 ik BN RS R iz M, E B0A 2 Fof 3 i s
AR AR 2 CCA HEF R Z T MRS, & B0R 43 Wi A P i i 4 R v /K i 25 &k
B RO R T FAESE . YAN S5RH] CCA J38 15 /K b BT A= WiV 4 f 1 2= 35 3R, 45 R W] COD
NH; KN C/N/P {2 5 2 (U A K BRI R, DO S A V& TR 1) OGS 7', Shiah & Ducklow
3 3 X 40 AR R R PR TS s Sl B A BT R I A R Vi 45 A A4 1 DX T TG SR PR A
Je B E R A B REE A O ZE R R 07 5SRO A — A B A SRR IR AW A, A A L
B TEAHLE F7 2 B R AN TRV 00 T BRI [R5 A W B R AR R A T R A WL TS e vl 2
BRBIL , T2 R AR TR S8 Al I A, 15 ORP R Ak Wy 3 A A8 A R T Rt e, i 1l A
A HLBR B RESR A, I ORP R JRRSE A ) TR B, ANBRARER AR TP e ft

ABEFEHTEE R I AL R GE P RGBT RV % 5 KR NH W & ORP AH5C, v 14 i 5
KR PCY TP TN HI NHj #JE & ORP A<, ORP & DO A WL R I5 Yty =& Al e 2 AR, 5
Z 1Y) ORP U [ A R T ZF5 Wit 2585 NH 24P 3% A Pl i Z AV X K A DU R 4, B
Z P 2R GE R R DR LA oo B A TR R 7 8 L, R AR AR R WA L B B R AR e v AR R
FHI KRR BB R DO WL [HERK T ORP HARAL THARIKF- iX o) ORP 5 ] 15 FR 40 T e 2 L TAH
RSN LR DO R BEA F T4 B A AL VR, IO KK IR BAROKF COD \TDS & TN, [A] i} NH
SR S L AR S RN, PCY MR BEJR /K IR 5 IR AL i B 2R e A, AR K BEAA 7 250 1 1
FERME R P EEACAE ) PCY YR EE SO 3 FT 43 LA DG 18 B PR 34 X B A A i 78 A, X 2 B 2005 e
EEAEH], ORP R AW 5 8 S N/P LR R 20 5 S50 D 7ol 288 R0 o407 | A7 - O A ol A s R R R TR
ORP NH; ¥ J8& B S2 i Ul A= i Vs i | [R] IR R E DV 2549 .t CCA 3 2] NH; .COD ,ORP |
TP & 25 ] B SRR EE G AR RIS S5 A Z 1 25 S 00 WK S X - 7RSSl Y5~ Fr  NH (ORP TP 55 4 4H 181 1 WL
v ET 23 FEAR G , D6 200 v A 28 G0 A0 B v 2 1 25 S AN (U BRAE DL 8 e 1) e 72 L, [ P AR B 7 £ DL Ao
2/ b AR LR R 20 S IR A R AR E M S R TIR G, TR b A O R P eV 4 A 2
22 FARRALIE LT LA e SAKAE A ROR DL B AR Sl AN TR, A 0 2R B0 SR PR AN TR R R, 12 7
PR AR ROIRDL R 47 R R B MR BEA F TR PR A AL IR L R A2 42 2, B (COD) (EU(NHG) (B (TP) L2 kil
i FE A A D A ) A A ST R P A R R 7 E R (2 K A AL JR M R G AR B, 1R L TR A
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LR RN 2 b TR IX ] K 5T 22 538 K Tl A W e v 6 4 25 1] 22 S 38 K 7E R 181 v B =i ie 405 00
At s AHBL AR EE SR WD Shislsss) , ARG 22 | K A ik R0t 2 1, S A i D vl S AT ves A AL 87 £ 410 1 sl 24
YA PR AN BT S D | W T R G A ROCR R AR, i A B R I 45 A 25 1) 22 5 R U e 7
HEF R =R AR 0 Al BSR4 SRR WK BT A i TDS \pH 1B\ Sal 2 5 8UE 75 07040 1R 7% 2548 25 (1]
2SI FETUKFAS R, SRW 4 SCW Ml SOP HALE TDS \pH {& ,Sal /K F-, £ SCW FI SOP 41 W 74 5 f 1 T
iR TDS Sal ¥eJ¥ N #50ws pH {H ., TI7E SRW AN fEve 5 & B SRR ARG . XAl e S5 IR D BE 70 A AH K

PRI 2R 455, 7000 T 29 OTUs HEEHLZEIC > B ) 4T 165 xDNA JFFIIGE , [ L X R B . 5 2R
R G5 b A 3 0S40 1 N A BR R ( Staphylococeus ) | i AT B J& ( Enterobacteriaceae ) , $8 /N ¥F 1 J&
( Exiguobacterium ) F1ZEHIFT 3 & ( Bacillus. ), WO & (Aeromonas) , i KPR & 0 i TR 28 L RS
Sy B B L = N BT R VA e - s S W< -l | N O ( Pseudomonas ) , AR R
( Xanthomonadaceae) , % f0FF & (Bacillus) , Fe BT & 0 3 AN BRIX 3G RO 3R, e A IRIEFK,
SRR IR R G AE I R R AR, A K2 s 7 AL B S B Y B No; #e ik
 NO, BB I I S e ik, ELEVERE T, S DURE e TR ] i ZE B 2 o AR Y A4
BR e 41 0 22 LSS B R, X [ AU D R VR L Bk S AN B AN S (R TR, A TR
S BB DA T, 33X U TR 1 A 2 A A et JH v 5 P T A 1 DA TR b R A A R ] L 2 3] AN A ik
SACE YA E TR AE R BRERIR TS Y 7 Tk FEAEH] i S22 A A T 3 B, ARG 3t 25 R A HLER &L
B ZERUFF R R AT 2450 A DL R E I, A U A ML i L B2, PSR A A Rk T K
RV R P R G S A R, JCHAE B RIG BR S B Ak & WU R A B DT T (H | BR TR FR b AN B L L
B B A G T ARG B 25 A AR R IR 5 40 A BUMKIC 5 20 el P A K Ak 1 b P 25 AR 25 5 TR K A4 Ak 1
HUH R T — 2 ) TAEE A
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