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Abstract: We investigated changes in bacterial community structure and diversity in urban river sediment in a Mayu
wetland upon addition of reclaimed water. We employed a range of analytic procedures, including terminal restriction
fragment length polymorphism ( T-RFLP ), hierarchical clustering, the diversity index, and canonical correspondence
analysis (CCA), to provide a general framework for the estimation and statistical testing of effects on local biological
communities. As expected, our results showed that water purification occurred over the 1200 m range downstream of the
reclaimed water outfall. The bacterial community structure found in sediment beyond 2000 m downstream of the outfall was
similar to that of sediment found upstream. Shannon—Wiener index values declined from the outfall to 1200 m downstream
along the area of reclaimed water purification. This was consistent with the observed decline in the evenness index, which

was at a maximum at the outfall and reached its minimum value at the 1200 m point, a section characterized by the lowest
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proportions of non—dominant bacteria and a lack of rare bacteria. In contrast, CCA results revealed a close relationship
between the bacterial community in the upstream sample and the accumulation of heavy metals. The bacterial community at
the outfall was mainly influenced by total phosphorus and organic carbon, suggesting a crucial role for the biological
purification of ammonia during mixing of reclaimed water and upstream river water. In addition, we found that the major
genera occurring in the studied areas ( Pseudomonas, Variovorax, Streptomyces, and Bacillus) were implicated in the

biodegradation of organic carbon and nitrogen in reclaimed water.

Key Words: reclaimed water; bacterial community diversity; T-RFLP ( Terminal Restriction Fragment Length

Polymorphism) ; CCA ( Canonical Correspondence Analysis)
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AR ST IR S R DA TR DA v ) 38 0 2 X S R AR 5 S PATHE  SRAEIR FEFE BATIE 20em A, B AR AR 24 500g %
Je, BT TR B A R U IR S SRR b AR A0S [0 S50 2= EA T o AT AR B JE XS RE R R AT 9 T . BRI RE A
5 AR 25009 S PRIR A1 B L) 5008 VRN —REDTIFE BT S . i T Jm BORE AL 2> PR 23, o —
BB AT HEA T FBRAGAE bR AT, B A (TN BT 7 R FHEILIC A2 A7 (GB/T11894-1989) , SLi (TP ) YN 7 R Tk
M —BPL OB (HJ632-2011) AT LK (TOC) SR FH B 45 R 1 e fb—J3 6 6 BE ¥k (HI615/2011)
BB AR 2mol/L KC1 IR H2—FE 1 #5 L 2,391, ORP ( Oxidation-Reduction Potential ) 2% H ORP X E 4%
A A R R ORI BRI e 25 R W3R 1, FIRCIeRE S T -4C R E, T Y it s
SR

R 1 RRIEIE MR R R

Table 1 Sediment physicochemical properties at sampling in Ma Yu wetland

28 ( Parameter) MK1 MK2 MK MP1 MP2 MH MJ MB
B TN Total Nitrogen/ ( g/kg) 29.38 15.45 9.91 11.57 13.58 11.73 12.07 17.48
S TP Total Phosphorus/ ( mg/kg) 19.34 11.91 13.41 17.17 26.47 11.79 11.21 42.11

S fLIE SR £ ORP

Oriation Reduction Potential/mV -47.10 61.90  —29.50 -80.90 ~71.40 32.40 11.40 -90.30
™ E*gf;’; nTiSCCarhon/ (mg/ke) 0.61 4.57 2.62 0.99 5.01 1.63 0.48 5.55
%‘mjiiil:]“ 'Nlju_ogen/( /) 3.70 8.25 17.00 5.75 19.61 24.66 0.69 2.94
Ti/ (pe/ kg) 7.03 7.48 8.18 0.17 8.26 6.98 8.69 5.11
Cr/( g/ kg) 0.18 0.14 0.20 0.08 0.19 0.12 0.19 0.20
Mn/(pg/ kg) 1.39 1.25 1.15 0.02 0.89 0.79 1.15 1.83
Fe/(ng/ kg) 50.84 48.31 60.10 1.43 58.51 48.11 60.86 52.92
Ni/( g/ kg) 0.06 0.07 0.08 0.00 0.08 0.04 0.08 0.05
Cu/ (e kg) 0.04 0.04 0.04 0.01 0.10 0.02 0.04 0.05
Zn(pg/ kg) 1.69 0.26 0.20 0.00 0.61 0.73 1.53 0.32
Cd/ (e kg) 0.02 0.01 0.01 0.00 0.01 0.01 0.01 0.01
Pb/(pg/ k) 0.07 0.02 0.02 0.01 0.05 0.01 0.05 0.03
V/(pg/ ke) 0.16 0.15 0.18 0.00 0.17 0.15 0.19 0.16

1.3 LT T-RFLP WA YIHE TS 2540 53t
1.3.1 DNA #2H

SR FH 4R S R U & (AR A AR I G BR A B ) SRIBUR AR B DNA, B4 25 B e BE it HH 136 I
PHEAT, PEBUE DNA £ 0.8% (m/' V) SR HEEE IS F Pk R I 25 22 , BRI DNA JICE F-20°C 200 T RAF &
1.3.2 PCR Y14

PCR ARG L5 W T-RELP HAR /M 75 G K A (0 4 B o AR S b A7 4.
1.3.3  RumPREIPE B B 228 (T-RFLP) 23047

G35IR M Msp 1 Afa 1 Hae LXT5E5G PCR )i ATHEY) . 7E 37°C TUE 3—5 h, SRJGTE 65°C AT iR
W15 min (HEGEEG . BESHEBGED] 0% 2 RARAE PR RAT FR 28 "l #E 47 58 44 ( GeneScan) |, 5% T-RFLP
K,
1.3.4 Bk 55 br

T-RFLP 3% & Peak Scanner #1743, 5 25/INF 50 bp MK T 500 bp W R B, XF T4, T AH XL
St /N BRI A 0 R B ( T-RFs ) N2 X BRI A2 0 S8 A2 70 e A o p v i 25 T AR AR <
1% T-RFs , 8K J5 43 B3T3 I v A — > 06 1 0 T 5 0T A 0 T LI ERAEL, B B84 T-RF T o 1 40 L AR
SHALEE G Primer B4, 58 7 1 35 B 4 [B) 1 359 0 B 0 S R T Oy TR B N0 SR IR, A B
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PRIMER I Excel2007 X/, URIERRHLAY 8 NEIEHFE AR 111 4> T-RFs ZERI AR 1 B UM I AR B, £ Bl
PRIMER %S BUAE s B9 SR 26 | TR 1S5 A0 TR v W A ) 2325 22 REPE 4 280 ( Shannon—weaver index) (W70 45
JEFEH ( Margale index ) Fl13 2] & 5 50 ((evenness index ) , 7 B i U6 4 o BE V% Z REER S 2 5%, 5B
CanoDraw for Windows Fll Excel2007 #{4FX5 BREE K1 R I AT HEF 200, DL 8 /MRS v 248 B T A 1 AL X =
B ZH B DRI R RN 15 b 2015 2 850 4H R 1) A 15 A e S ¥ R JE R , E4T DCA ( Detrended correspondence
analysisi) HEJ7 , 7E DCA 43 Hr BREE 40 BE Bl KT 4. 0 MU HT4R T, #k M iz H AR 41k 19 S HE ¥ 7 75 CCA
( Canonical correspondence analysis) , 1% 2 £ 7 YR R85 140 B G R 09 4 HE 7 K K10 Mica % F 2K
Haelll Msp 1 Afa 1 3 %P9 DI 74 16 19 T-RFLP [ 3% J& ¥ £ 4t L 1% 3] Phylogenetic AssignmentTool ( PAT,
https ://secure. lenology wisc. edu/trflp/newuser. jsp ) ¥4 | 34545 Mica (http://mica. ibest. uidaho. edu/pat.
php) P33T Virtual Digest( 1SPaR ) A3 ™ A 1 SE Al e xf A =224 T-RFs BB KRR KT 7Kk 1T
SR | fre 245 AT BRI A

2 BR5ITHE

2.1 AN VIEG b 2R A
2 X 8 AMFEA AT 16S r DNA BY2ET 9 PCR 33 7= 4 2 Bl 1k PN VI Msp T
Haelll F1 Afa 1 {HALIS GRS 2 B A 2 B0 T RS AN R T-REs 887 AN [R] BRI 4 e i
TEI AR AT IE D . Rl —EEMZS Msp T Haelll X Afa T =ASAEN N YIBEE LG, SOMeH 5 8 T-RFs B0f
ST R — 2 122 5, B Msp T F1 Haelll JEA0E5 SR 00 Z R BAR T Afa T, BDFIH N VIEG Msp T A1 Haelll
REfEta ~ R E B H Afa 1 BEUIEHEE ZAEEEE . BT, R 2 gt i DL bl Msp
I F1 Haelll {44619 T-RFLP % SCHEBEAT 208,

TRF length
0 20 40 60 80 100 120 140 160 I80 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

bt 1)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460

Samples present

Afa 1

0 III | || l 1 Il I[I]]

E2 RRIEEHEBEES Msp | (Haelll B Afa 1 B5Y]H T-RFs
Fig.2 T-RFs of Sediment bacteria with Msp 1 (Haelll and Afa I digestion in Ma Yu wetland
VE P a, P b, P ¢ P BIAREE Msp T\ Haelll 5 Afa T VI T-RFs; 3Cr 848 b  30RE K TRF ( Terminal Restriction Fragment) length , A4
KA ( Samples present )
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2.2 JET T-RFLP 3% & RIS HT
SR AERE T T T-RFLP S YR 4544 43 B 15 B HEAT AL B2 )5, SR FH Primer 47 R 280 HT, 45

W 3(a) Fias, MR LA Wi Uik ah A e B A K T TE K 100RD | R iy & AR W i i A8 Ak, AR
P 53% AR BRI 3 AR A B 5 T 28 FEAE /KT b /K 11 B3 300m &b MK MK, MK2 £ 5 F b
KR 2000m AR A MJ A AT 55 1128 FEA KRN K EHRTTE TR Y2 MP 1 MP2 PANRE G5 28 T2k . B B P A /K ARk
FHATE G Y2 1200m FTRA AR S MH ;55 1V 28 FRAKAK LR MB AR, IR AT LUF Y AERE A K H
UE 1200m ATE P ITE VI DR AU R A T BRI AR | Bl AR K R K AR TR A i AR v
it A ZEANK T 2000m AL Ja13E JEC e (0 AE 0 RE VR S48 55 10T 38 P A2 KR K L3 AR AL, R, A T AR
TKAR K TR AL MR i 254 5 LA o5 (R AR A A AR R 22 5, VAR E RIS e i A= D B A 2 3ot 7
F DT EWE N, T A S AR WA USRI T . A T T Msp 1 D) T-RFLP B9RSE M, AT
¥ Hae BV /347 25 SR I RE SR AT B2 Hr, 25 SR DL IR 3 (b)) , AR HT &85 35 ] LA HE A D) 205 2R ELoA ALY

4he,

MP2 — MJ
MP1 MK
MH 4{ MK2
MJ MK1
MK MB
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l ‘ ‘ ‘ ‘MB \ 1 1 1 “MH
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Msp | R EE R HaellIB§YI R I 455

B3 ET T-RFLP BiEMERAEBEEMBELNH
Fig.3  Dendrogram of hierarchical cluster analysis of Sediment bacteria based on the T-RFLP profiles
MK MKI MK2 MB MP1 MP2 MH MJ 55020 Msp 1 \Hae IIMFYIRYSE | — 8 SHEA  BiARKRZR 8 MEES Z MR BB, b a
R Msp T AP KE5 5 b RF Hae ll BV B H45 5

2.3 JETRIEMIE 2RI b

MR R IEE T AT T LA Msp 1 HEGUIRA R RS b 45 R Beiy F 5 9 X T-RFs B FEEE>4%
AR TR I A BRTRRE T A B B < 1 9 B 2SR (8 DL BRT AR, LA AR S i R 2 W LB BB IV
VIRl =5 B R 25 G R B 2 5 T LA 5 IV IS AE 5 2540 L 3 3 A o A DL DR R 2 B M M A s AR
PG A BEAH, LA B SR LA RI AR A T2 (B, 5 D DR 4 18 DL TR R — 2 B A4 3 = B0
PR ) 7= A 5l E CARP RIS T B 0 AU A TR U2 PR T N AR AR S AR h R P E B L E
TAFFE I FI B R , 20 TR TE VR 72 /N T 1 BT P o R 8 20 338 1 7 A 35 3 1 2o 8 e s T A | DTG A JFS U8 B 1%
SRR SO0 B AR TR KRR O R A 2R A MG LTS G RS B R = BRES IV 2RO, Hoe 2 Ls
G FEETR B R BUEE 2> M5 T 2R ARl 56 ZE TR B0 X P AR (i 3 R 80y, Az K AR
KA i R A I A R A R AR A W A 25 R — 2, BBt 25 2R K Al R Y S B, U W 2 B BRI

BHCEIU TRt WIS IR AL a3 E 20 I 2R A i B A R 8k, SRR3R T 2R A A i e IR

e TR AR DL R AE Y T-RFs BOMARXS 3 BE o A B &)  BETR A BN, TE P AE KK Btk ad # bk
PER SR, s I 2800 i T A e O SRR RO i e 4 TR A AR G = B (L, (8 DL A B2k | S B e 75 4%
P LB B — | TV 22 FE I 450 B 48 BER B 1K
2.4 BT CCA HET BTEVR 4546 78 S5 1 A5 i g

i FHBL X R 434 ( CCA ) HE P %, 43 BT A2 2K D 7K Ko 3ok i Y0 T JEG V08 200 B 7 % 45 A4 R E e R e, 7
CCA HEFP B, 25 X050 R 7 87 3k 6w | 83k 14 4k 10 K R BE O 5 IR A SR IR RN, 2R, B AH DG 1
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BT, S Z NN, 28 5 HE Pl £ FE e BH D B R X1 20 PR 7 5 i HE 7 Sl A DG 14 19 K/ (Pearson #HG) S ff
/N FHCPERE K 73k i 7E 2 BR R D RERE R 40 B S HE P Sl A IE R SESE R 2 &6 IR TR R T 3 4 1) 45
KUIRERE, B NI TFRENRE T IRYEE RS AR R, UL Msp T BV 8 /N HE 5 FIA 5 R - HE A7 34 By
ST (CCA) HEFEE SR | CCA HEF 28—l AX1 RIS 4k AX2 AYSFAEAE BT 5 SRR Y 65.83% , &
fFEE P=0.03, HF B TR E R HIFSCR RAF 451K 4(a) .

R2 KU Msp Il ABYINARREAEFESHESN

Table 2 Diversity of Bacterial Community in Different Groups Sediment Bacteria with Msp 1

Z55 Class
FE%L Index FIV EAIES EAIES ERES
Fourth calss  Secondary class  Third class First calss
A PR 1 Bt T-RFs L HHE BE ( Dominantbacteria ) 4 7 7 5
Terminal restriction fragments DL #E BE ( Non-dominant bacteria ) 21 18 11 18
18 DL T % ( Rare bacteria) 38 24 0 34
AHRF 2 relative index( %) i 3 # #E ( Dominantbacteria ) 33.7 48.7 67.8 45.9
AR BE ( Non-dominant bacteria) 46.9 36.3 322 37.7
{HS DL A ¥ ( Rare bacteria) 19.4 15 0 16.4
ZAREPEFREL diversity index L34 ZREMEFEH( Shannon-weaver index) 3.561 3.192 2.586 2.567
YiFh=E 5 (Margale index) 13.463 7.274 3.692 5.646
5] BEH5 50 ( Evenness index) 0.859 0.903 0.835 0.856

BV B2 BTSSR | e IR (o Ay, o 58 1 264 FE A KR K 0T A i Ao

SRR i 1) /A SRABE S0 K ZRAE CCA il EAS 3 TARGF A Ak . B SR 550 —HE Y il A G 1k o o 1) 38
B TN(0.9987) , 3L F o2 i 4 2 RURE A x Bl 1) L NZE B0 BN 38 TT 2SS AR T 2850 T 228k
B X RS RIS 5 G 2 REMERR B At B — 2, [R5 AR KR K ISR K A2 T T el AR A — 3, 2R 58
7 BBV A B B A o M R AE 2L /K 5 B 37 ok AK K B A B v 2k v Ak 2 SR BLE TN A28 1k i
TR, 55 T HEF AR e s B AU EREE R T2 TP (0.9961) ,ORP (0.72888) . TOC (0.6342) , T 7E y #li 75 1) - N
TR IV 25 H AR A 2 [0 (4 22 5% 46 /R 58 IV R IR it Mg dbad B 3222 AR Sk W bR (L2 A
F, HKJE TOC ARSI A= W f 2 B2 0 32 1 SR AR A D H A7 (9 BAAE J2 S5  TOC 2k W b BR A 27 i A X 4
RINEZIGEN T, GG 4(a) TR VIS T HABBE AL T A 07, 3R BH R R 9 Gk ) 2 25 e
fit, %5 1285 Pb Fe V Ni Ti Zn Cd 555 & @ ELA 5 m AHOCHE 09 25 S 560 B0 i 5 i AR 16 s K T
My R AR R IRHE R B A AR TR s YR HE S % 0 5 4 8 5 U e A RS I E T K it ok i i
TR R R V& S5 R AR IREBCRE A R e e, T4 T SRR TR S S /A VIR iRk abk 0 5
R AR ) AR R P R AR AR R A G, R T 2N T2 Y 40 TR AV TR AL ZE R K B DL &
HARAWIE P, 4% 18 Drary 58 AN RIBFIEBIIE , 228 RS R K G o ) T U0 1000 32 25 B A, S 1T 2 2 12 U RRLTE
JEG U 3 1 R AR 2 1)y A R A A 2 v R A s P A ROl R R S T R TS R R 1 1Y
WRERIN SESRAELEBYINRR,, AL TN T H TR0 AR 0] 322852 31 S A 52 i
B AN B A KK S R KT K R AN B R 0 = 22 5 S R (L LB I G R . LA Hae T VI CCA
REEVLE 4(b) , HIFIRTHL, LA Hae Y] CCA SR2EEIFLL Msp | BV CCA A EA IR 45 3R, 7R AN
RHE U
2.5 JET Mica Xf LU AOREE 25K 0 Mt

i 3d Virtual Digest(ISPAR) AR 7= A i JERE R 28 %o 2 32 A ] T-RFs 28R R G0 % B 0 28k A7 4,
HA AT 20% A, B HAER TR S350, A A0 T-RFs AN SR hICIL R, 2 )5 il i3
YT T-REs 1 LA, DL 3884 T-RF (19 10% LA FoR PR3 G RR T fE 45 R 3 3, MR nlm, 45 1 5 3222
RN TR AR AR, 8 b RE R R R R ARk
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L0 TH 4 1.0 2
MB
Msp I B§HJCCAHEREE ;@ Hae ITAGYICCAHET & P M v
TOC
TOC
R1
Cu
NH3

T\ Cr

VITY
MH
il ™
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N
e
MK2
T\ OMk ]
ORP
-1.0 -1.0
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4 BAKEN KB MR R AE R SIMEE T8 CCA HiFE

Fig.4 CCA sequence diagram of the sample point and environmental factors on Reclaimed water in river sediment

FFEE B & R Geitlerinema sp. 5 5 2 E B A BE BRI B A Geitlerinema sp. ; 565 IV 28 3= 2L
PR 2R AT D B AR B s 57 12 T R 20T TR 2 5 1 2 I 2 i o s |, A 2 BR AT R
PR T 2R A R, SR R R 28 IV 20 A7 (1 T s, (B S I TR R Geitlerinema sp. J& T4 11 ZE 14
s,

£3 MRRBENEZHTEERE

Table 3 Four big advantage groups corresponding species

OTU Z5# (bp) L. 25 Class
EJ‘HE " 5T oK P S e K e i
Msp 1 Haell Afa 1 Possible Genus EAES HK EHIES EAVES
First calss Secondary class ~ Third class Fourth calss
66 218 427 Variovorax paradoxus VvV VvV — —
256 127 Bacillus thuringiensis V VvV — v
226 454 Streptomyces sp. VvV — — —
254 127 Staphylococcus aureus — vV — —
83 83 Enterobacterium — 2 — —
66 128 Aeromonassp. — — — Vv
83 83 83 Geitlerinema sp. — Vv 2 —
488 83 83 Pseudomonas plecoglossicida — 2 Vv —

TEDI R A TR AN A (V) T (—)

AT A GHET T-RFLP F7 BEH) MiCA HoXF, A5 R BRI R m | 0% £ R 58 5 1 A 2F f AT
S AR KOK B BA B ) R I TR s o HErb ] S 0P AR 7R RS A A 2 IV 2860 5 2 ST 1R s AR
BB PISOL R A OB R M R e R SR WG PR e R R A R R 1 VR R R
WA B NOS Bkl NOS (BB TS  ZE T R A G R A 60 4 £ T SR R |
PR A TRAE N A L), (2 A2 A R £ W BRI ER A5 JOHLER S, AT FEAIR/K #f COD \BOD f)
A R R I KA S EREE T AR P L B SR IV 2 e A A TR R R 2 TR A A () 2 7
FER R BERA- AR KR K RS U8 20 T 52 3 e ol B2 KA LD B2 IR OR, IX 5 CCA 7T 9 5 3R 58 [ 5 TP
TOC KA FHVIMERRSF— 8, FHEKS LR KR G WAL A i 2 s MBI L3 s i
TR Geitlerinema sp.J& o Pt SCHK T R B 1 Jom 2 — oA L5 2 v 55 ol A7 6 ) TR R | T LA A0 5 B
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TEWN B Z B HUITE R A B (1466 & AR, LAA DL ICHLE N RIR AT AL AR S 32 A 16 ) )1 Geitlerinema
spoe TR TICHIAEYIIREE , 8 T 1] ( Cyanophyta) BYEiEE H ( Oscillatoriales ) , 5 7K P35 1 & W16 3R H
AEDI R CAFFN AN X5 CCA AP 1T 3SRERE 2K 5 3055 IR T RG22 3 56 R 4
TRFE—3, BRIAMITEE T Geitlerinema sp.J&A1, L THIE AT RS HATEREE W HT s RIS 1 26
H R, S BHIE S Variovorax paradoxus BYIKEFR , HAUH T 5 A K TR BRGS0 [ 25
55 126, SCHRFR A Variovorax paradoxus TEFEANEEESE TR EEEANEN, 5 CCA st iE 1 REEEEA
YIEIA L VI 56 R A ES A —2

3 Hig

(1) V57K A3 AP A 7K L M 81 JRR U V8 b A 0 R 5 285 4 1) 728 A DA 3 A R i AR, P A2 7KK
FR i 1200 2K PIRTSE JEC U SR PR E v 0 P AR 7K = A AR VR T, ZE DK T 2000m Ab , YT 38 IS U S A M Vs 45
5 A0 P A K AN K T B T AL

(2) FEAE KRR T G U 240 B A v DU = 237 1) 37 b A 5w VA 100 MR K, ARG A KK 5 1
Tk KA K I 5 b A R 0 ) B S R R e A L DI SE &R

(3) B L JE A Geitlerinema VB A iAIE i Ui Ak B2 Hh 10 P 34 B B 3 I AR K AR 5 R IERAKIR A 1)
78 o) AR 2ok R TP TR 2 S A AL RN U R L B D DG AR AR A LR AR TSR 8 B EG BRI S 0 2
PR 7 45 A8 722 1 32 B B2 RS IV BK ; Variovorax paradoxus W] BELE FEARPRIEE P AY H 3 Ja 23 P07 1T R 5 T
FAEH,
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