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RARABAGG KA, TR A AW T S 2, T E 1 (Proteobacteria) #9483+ F E ik 5] 7
93% 5 K IIE B 77 v, Wk A3 B A AR Ae £ M 3% A BARARALRE AR KAK COD iR B, B ik Aok Ak
TN & NH, -N R 2R JE ; BB Ao Fe 25 645 A B AR 23 K4 TN Fo NH, -N 69 LR R 2 1242 e
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Effects of various remediation technologies on water quality and microbial
community in urban inland rivers

SHEN Yi, HU Nan
(School of Biological and Pharmaceutical Engineering, Nanjing TECH University, Nanjing 211800, China)

Abstract ;: Simulated water quality remediation experiments are conducted in the laboratory by collecting urban
inland water samples, adopting such technologies as aeration, carbon source addition, biological inoculation and
comprehensive repair respectively. Parameters of water quality, diversity and abundance of the microorganisms were
regarded as appraisal indicators so as to analyze the remediation effects of different restoration technologies on urban
river water quality and its influence on the microbial community structure of river. It was indicated that aeration,
bacteria agent and comprehensive repair technologies could enhance the structural diversity of microbial community,
with microbial community mainly taking the form of Proteobacteria, Bacteroidetes, Actinobacteria, Verrucomicrobia.
In addition, the diversity of river microorganisms decreased obviously with the carbon source addition technology,
and the relative abundance of Proteobacteria reached 93% . In the aspect of water quality remediation, aeration
technology and biological inoculation technology could only reduce the mass concentration of COD in water, but
could not reduce the mass concentration of TN and NH, -N. Carbon source addition and integrated remediation
technology had obvious effects on removal of TN and NH," -N in water, but the mass concentration of COD in river
water with carbon source addition rose significantly. The results of correlation analysis showed that COD and DO

were the main environmental factors affecting the structure of water microbial community.

Key words: river improvement; microbial community; high-throughput sequencing; water quality restoration
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T A A AR v, Tk K AR i TS K ARl
TR EAZHE R, AR AT AR NP A K 5T R
JEE RS KRS E IR A W TR K A G
FRTITR]  A 25 B 458 A 3R Ak DL K AR B g 07 9 ik
550 TR SR TS T A 4% I A T

BN A S E I R AT RCIRVNEO 3K % NE s SN
TR M EIRELIR 7 KRR R B AR AR
BRIEBENAF . @R P E COD TN NH, -N 45K
PR 7 ) 2R3, AT DATPAf K 2 AR R i 18 52
RO PGB E R T N TR HOR , NH, -
N B L BRIk ] 40% ~50% , BOD; Y 25 B R ik 5|
90% Lk B o AEETE T BB R T R R, B
RARFEATEFR, COD £BRFIA 79.9% ~84.8% ,
NO; -N 25k 45% , DO M O mg/L FFFE 5 ~7
me/ L) o K 18 A T R R TS R B R
HOR,NH, -N TP [y i B 2, 7K Bt 21 B
e VRIS R T A A R R
COD NO; -N FI TP #y 2 B 2 73 il Fa 2 7 40% |
30% F140% L4 1170 o 35 M 4 ) 6 52 R 1 T b
A AR B W v R AR 4 A DA B e K
AR S PR B S BRI it SR R AR R
COD FFE 50% LA L, DO #4411 2 mg/L LI b {H N,
P LRI AR B

Bl A R R 0 2 e AT K AR A RV 45
PR AL MR 22 B e 1 o BRI N T A 2
R, AEY W AR K AR A B Y B e RE
SRR W IE SV . A A B LR R
TR T BB IR , B %0 15 [R19E 15 a8 W i, o il
Gy PTG B, DRI K A Bl A ) B 9 45 4 1Y) 22 FE
55 58 2 W e > AR S AT A K B Y — T AR
FREOT S XUIE R g vl Y 96 Ok i
PCR SR AR M 78 T AR VLK M 0 1A= 0 1 v 454
KRR B A ek F 2 R BIRE]
( Proteobacteria) JZE R 7] (Actinobacteria ) FNHUAT F
I"]( Bacteridetes ) , H.5 K V4 2 It i e J3E F0 66 2 A2 4k
SO 3K SE A W A I LA S Y 2R R A R A2 Ak
FEPE . TRUAE S g R AR AT T Rk e
TR BT AE ) Z A, e B2 7K ] v L 35 TR ol 72
FEBE1( Proteobacteria) JERET [ 1 ( Firmicutes ) .3 FF
Wi 11 ( Bacteridetes ) U2 | ] ( Actinobacteria) , H. 7R
I ZE AR W) R e v e T A2

BRI TRIRBEE M RIREARZ  HZ2%
R TULI WA R A S T DG T P T Y
IKIAAEZ R /D% F AL, 458 FE AR
KEBHECF , FEFFMTEE, EFHRMAF
1B S FARKT (6] — ] K B AR AR AT 1B 52, LK B
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A AR BB S BEA X 3l T T B9 18 AR, B ek
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1 HRSHE

1.1 HRHRESLE

JIUE S7KFEY T 2015 4F 9 BUA 4 11RI SRS X
B, AR TR 25 L A3 207 KA, R
FERRDKARE 18 109286 5 5, A IR AR /KRR 1K BT 2
¥R :p (TN) =3.40 mg/L p (NH;-N) =1. 85 mg/L,
p(NO;-N) =1.15 mg/L p(NO, -N) =0. 06 mg/L.
p(COD) =34.74 mg/L JATEEL 13066 cfu/mL, IS
Y ELA 6 A5 140 em, B4R 30 em (YA LB
itk & (1) v, BN it K s b 00 i Ui 5 BE 34
25 em, SRIFHEKFESE IR A GE K 25 Hh 7K T E A K
G2y 10 em, #E 1 d, ek S IR E o
W LSNP (JT-1 SEE0 2R 2 1 T i PEAL ) [ e 1
figt /KA Ty , PP B /KT AT 15 em b, 25243
3N, B ISR , AR T A A 9 3 sl

L
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EEK

w0y

30cm
1 BNEEi#KEREE

1.2 Lmgit5%&&

SE 6 T FH B TR R SRy O G A TR R SR Ak ZE AT
W SCEHBEAET AT, RS ZF AT I o 50 5
ZE NIREE i 8 H BRI COD 5058 1) WA Ak 2 1
FrE GY-45 F1 GY-46, S8 it Iy LR (3B
4fi AR) BRI K 3 g, COD PR hn{E K
12. 12mg/L, FrB4A 54N ACO-001 2SS
UL ARAR S A BRA A, Y 5% 1 w1t
(LZB-3WB) # il #4 4 i 5~ 0. 63 dm’/min, 5256
JAI R 8 d, 384 Jr AR % S G 4, B 45 R
T ) R e 5 A B I ey ] A SR 4 d L, R B9



Mo Hi AR (YSB) &R BN S mL,
FCRALZF A FF I (GY 4S5, GY46) 45 K By 04
1.5mg, SCEe A, B BR IR LA S8 %5, 24k B
AT AT A B b R R A TR R B IR RS R
1 N A K 28 R A8 KRR BT I8 FH B4 v K
Ko EWRIFRIE BRI 8 A AN E 1
IR 3 2% 0 250 mL JK K, IR AT, S2 RIAG I COD
TN .NH," -N NO; -N \NO, -N DO %7K JFi 24, F -4
PVE TR IC S 25 K 2 T T A B 1 gl SR
LEUT USSR 5 KRR 1 B DNA, BEAT 16S 2%
LA, A3 BT A KRR B S MR 254 B8 Ak
#1 TEMEKEHLESTE

fiikew LR YSB GYH45 GY-46 HAA
H2 (3e/d) (5ml/d) (1.5mL/d)(1.5mL/d) (0.63dm®/min)

1B — — — — —
2C 4d — — — —
3A — — — — 8d
4M — 4d 4d 4d —
5CA  4d — — — 8d
6CAM _ 4d 4d 4d 4d 8d

Tl ~6 KRR S A B COM 205 % 7R 39 4
(aeration) %5 [ (blank ) \§# ¥ (carbon) B ( microbe) .

1.3 KESHAE

R COD F8 I 5 SR FHPRSEH i 2366 B2 125, TH
fife SN AE COD-571-1 BUJH fife 26 & (b ¥ 751G [ 2%
J7) vgEAT s TN Ao 5 R e 2ok 5 1 00 I e 5 b
IIICICIE W T i SN A 3l s T e () 2=
A AR A R 7)) H BEAT s NH,-N B0 R 40 1R
KHAE 6B, H UVT59 8 4h—T] L4356 5% B
(G 5 Bh 27 A A BR 23 v ) I o o WO JBE
NO; -N (il SR HI 5066 vk s NO, -N R sE
RN - (1 -Z53) -2 G REEE: HEah iy DO
{EH] JPB-607 A BUEHERA DO & (HATI05E .
1.4 JK#E DNA ByREX

B ARATI 250 mL ZKEE, 1] 0. 22 wm R £LUE
BB TR v TAE SR IR IR BT R, A 50 mL B
L. FHZKEE DNA $2 5001 & (OMEGA ) 2 Uk
fh Bl DNA
1.5 16S tDNA K EZRy PCR ¥ i&

PCR 2k A TransStartFastPfu DNA PolyMerase,

20 uL. R Z 4 pl 5 x FastPfu Buffer;2 uL 1.5 mM
dNTPs;0. 8 pL Forward Primer (5 pmoL/L) ;0.8 L
Reverse Primer (5 pwmol./L) ;0. 4 uL. FastPfu Polymer-
ase;10 ng Template DNA; #p ddH,0 % 20 pL, [ 5k
44 :95C FiAE 1 5 min;95°C AR 30'5355C IR K 3055
T2°CHER 45 s, I3t 27 DMEHR, )5 72°CR KS min,
10°CIRAF o 2% BRIIEHEBER B IKAS I PCR 4]
1.6 HiEabiE

ASCHT 2 BB origin 8.0, R H] CANNO
BAFEAT PCA RDA Z5AH M Hr

2 RO

2.1 KEFEUHR

2 ARG MK TS 5, A2
ATRVE 5 X BKAE (1B) A [, 2C KA DO
(BB R REAR L A0 0. 1 mg/ T34 M JKAE DO (B 1% 3L
TR, 4.9 mg/Ly HoAR &K FERY DO (HY 3% |
T 7.2 ~8.6 mg/L Z ], ik F M8 B K T2
KR UE . X FEE R TR MR Z 5, 35
TRARTR A W S A B8 T 1) [] B Sk 7K AR Tl A= 4 1Y
AR PRAE T T A AR (R RO W Y A K
IREEFE R DO

FER T T, 5 X BEKFE (1B) AH LK, 2C 5CA
FT6CAM 7K B 1 TN ¥ B I B AIG, B 0% 530l
57.94% .60. 59% F1 59. 1% , i F A5 B 2=,
1M 3A F14M ZKAER) TN WA B AR 4k, Ui B Boph s
A7) a7 44 A K AR B 8 e AR . o,
AL A 0 SRR 5 2 2 X T R SRR R ) 58 5
SRAFAER R 2EIE 3 AT BB 2 PR hy TR e 58 2038803 iy
FESETER e MR BE 1) TN PR (35. 14 mg/L) T 47
(), T SE S KA ) TN (3. 40 mg/L) ik FiX 4
KA

COD JBiB& 77 1A , 3A 4M ) COD Jiz & ¥ B 435l
k1 23.32 mg/L F1 12. 93 mg/L, COD Jii |4 3% 43 31| Ky
32.87% F162.78% , T HoAth /KA COD %) Jiz i Wk B %)
A FTHE N, 3K AT R F TS 0 A e U A S )
RS,

R2 BEKBHARSEH

B p(Do>7/] p(TN)i p(NH[—le)/ p(NOg—le)/ p(NOy -151)/ p(conzl/ éﬁil'—ﬁl‘a;ﬁﬁf{

(mg- L") (mg+L77) (mg - L") (mg - L") (mg- L1 (mg-L77) (efu - mL™")
1B 5.4 3.61 1.64 1.65 0.45 34.97 13510
2C 0.1 1.43 0.32 1.1 0.02 61.15 973366
3A 7.2 3.14 2.05 1.01 0.59 23.31 21000
4M 4.9 3.13 2.08 0.85 0.14 12.93 32000
5CA 8.4 1.34 1.15 0.18 0.09 37.06 30000
6CAM 8.6 1.37 0.99 0.18 0.11 39.14 34500
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555 BROKRE (1B) AH Fo, H A KR 09 4 17 8 4K
(TB) SHEHNT 2 ~72 4%, 2C /KFEHGINIC N 353X i3,
BT S8 BT I IE S BORA R TR A D i A
2.2 HEESEMESEMEST

B 5 R PCR kAT v s I, 45 3 1Y
16s rRNA FEK JFFECH il OTUs SE W36 3, alad
Shannon FE {1 PD whole tree $5 50L& /KRR ik A=
YIREE I Z e . R 3 ATLUE ), 2 KRB A &
T 88% 1Y) OTUs i & BN, M J> &5 A 1] AL S b 2 ik
TKFERI A YRV 454 o 2C KA () Shannon ZHf
PEFRECH PD whole tree ZAEVETRECY ] BAK T 1B
FH A KR, U] 2C KRR B AR W) Z AR P2
B 5 2 S5 W S AT, AR AR A S a5 . 3A i 4M
TKFEST N T T B SR A 8 R BOR , H PD whole
tree TEHCM 50 61.25 F1 61. 09, 5 FEEM L, /K 4
(WLE Y Z RS TG i, (B 2R T SCA F1 6CAM
IKFE XK FELE G ] T 2 A YR HR,
PD whole tree ZFEMEFEEST Tl 65. 44 F168.61

£R3 AEFELEEKREREY OTUs SEMESH

fifikas  ABIEERA

ey BB OTUs Shannon PD whole tree
1B 36387 702 6.07 56.68
2C 41143 259 2.32 26.14
3A 29758 786 6.77 61.25

4 M 36053 749 6.20 61.09

5 CA 33791 832 6.58 65.44

6 CAM 39304 841 6.21 68.61

e U P A5 SR B, 1B 2C (3A 4M (5CA |
6CAM h iy A=1 3 ) S Jg T 31,18 .33 .34 .32 .36
AT HOKRE R A I REIS T 1S AR S F LR 2,
MNP 2 AT, 2C K REH AR PRI 22 RE 1 BT AR
THAMKEE, B LV 1] ( Proteobacteria 93% ) 2y
E, HR HIWFTFHE ] ( Bacteroidetes 1% ) F1JEBERE 7]
(Firmicutes 4% ) , 1t F AW 40 B 1] v (149 73 A BT
0.1% . HAK KR MAY FLELAZILE]
( Proteobacteria) FUKF ] ( Bacteroidetes) JZRF ]
(Actinobacteria) FPEIL T 7] ( Verrucomicrobia ) H 3,
HoWw g 8 BE R T ( Firmicutes ) | 7% % I [
( Planctomycetes ) . % B ] ( Chlorobi ) | & T 7 ]
(Acidobacteria) 2 Z T |7] ( Chloroflext ) \ZEH NI T[]
( Gemmatimonadete ) 55 . TEHARKAEH , AR THY
AHXTFERER A 2200, 3A 1AM KL TP L3R 1Y
FRE L B A L, T A SCA K RE A5 E 1]
(Proteobacteria 63% ) (/AT =F B 5 AR AR LUAR &5 T
6% , £k 7] (Actinobacteria 9% ) 11 A5 5 25 5 DI &
&7 11% , 6CAM fE25 2 F ] ( Proteobacteria 47% )
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M9 AH X B WA T 1B, T A AT T
( Bacteroidetes 38% ) FAHXT = FE U BH g = F 1B .2C |
3A 4M(16% 7% 9% 15% )

ST PR AT
e HEEET] = BPHE] " FREE]
120 < W51 = SR = AT

BT =BT

079B 2C¢  3A 4M
Kt

B2 AREKEMEYEZRTKETENFEREILER

TR T ESR IR 2 KRR AR HE, (2 H
T TE T TN BRI o A A 225 (0 3) o 2C K
W B~ 7 4 ( Betaproteobacteria 63% ) il y —72%
T % 49 ( Gammaproteobacteria 22% ) 7EAR TR B 17
WEEW RIS, 3A 1AM KEEM B 728 TE B 40
( Betaproteobacteria 38% 37% )., v — 29 O
( Gammaproteobacteria 13% 18% ) Fll o — 7% I & W
( Alphaproteobacterial 1% 20% ) {£ H. /K &/ (1 =F &
TR BOAH [, SCAM JK A i 2 LA B — 2 2 T
( Betaproteobacteria 32% ) N F, « —Z FE H W
( Alphaproteobacteria 16% ) i F FEHE = T v — I H
2¥( Gammaproteobacteria 11% ) , 6CAM /KF¥E g —Z5 K
F44 ( Betaproteobacteria 32% ) = & 5 5CAM sK ¥ AH
[7], 1 o —ZEFE 1 24X ( Alphaproteobacteria 15% ) (14 3= fF
B R & T v 5 # 49 ( Gammaproteobacteria 5% ) ,
FH A RT DL, B 7 Bk IR B KRR (2C) K IR A ) 2
FEPE SR TR AR REA D KR A AR 22 0 &
HWBEA) AYHIRE LR (4M) J5 BY7KAE, Rl
JERZ LR LEABARRL, & T IRt KA AR 1 318
5o LA AL (SCA (6CAM) HY/KHE, R F B f £
FEHEA R 20, & T IE K IR E S BB RO & T
HAIKHE

1B.2C 3A 4M 5CA 6CAM (¥ {8 AE W) 4 51l s
J&T96.51.109 94 102 .106 P&, EFEE T 0.1%
LR 70 14 4.6 A 18 A4~ (17 A~ (13 Al
16 4~ (£ 4). Hrb, &K, 25 04 & &
( Bacillus) F141 40 7 J& ( Rhodobacter ) {4 AH % 3£ & 4
H250.007% .0.001% .0.040% .0.100% 0. 009% .
0.100% #1 0. 100% .0. 020% 0. 200% 0. 700% .
0.300% ,0.700% . X FH], S5 BT HI D' 4 B Al
A ZF AT W AE B S Y15 3] 7B i K.

5CA 6CAM
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2.3 XML

I AR R AR 1) = B A W R X 45 FEAR A T
F G534 (PCA) |, ULIE 4, PCA (YR~ A8 & 3
AR 76. 7% MR , o rh 2 —HlmT DL RE 55. 8%
BT , 55 i m] DU 20. 9% RO %cH . MIE] 4 7]
PIE i, 1B 3A 1 4M ¥ 5L A6 PCA & b () IE B 42
i, R WX 3 ANFEA AT U 2 AR AH AL, T SCA A0
6CAM Y RE VR 2H BN B A AL, 2C IR B8 Al A A
B, W] 2C FEAHY BTV 20 5 A A 22 R AR
Ko DXL T HE IR B R op , U8 IR 5 25 5 2L
S IR B VA AL, 20 B B 25 5 5 P B AR
SRR, XA B A AR TR i SR
P H AR LESE R B W Z R I R B, AN S 0 K AR B
A IREVR SR R O I i R AR Ak
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-1.0 2.0

o —H(55.8%)
B4 AREERANERSSH
X AN TR REAS (0 T AE R i 254 () e R Ak i
Br(DCA) ,3RW] DCA Hij 4 5l rh 5 KAE W 2. 988,
FrLAERE CCA p¥r . dlad CCA XA [RFEAR (1) 7K ot
%45 (COD DO \NH," -N TN ) F# V& 2 5l i 17 70 B
(Bl 5). iR Wow, % —4h(62. 3% ) Fl5 —



(24.2% ) I [Ff# B T 86. 5% HUREIE AR S, Mk
KR, XREAS B 75 45 10 52 ) i R B 3R I+ 2
DO, H:¥kk TN F1 COD, Mk a1 ,1B 3A 4M
5 TN HINH, -N B2 1EHH,5CA 6CAM 5 DO £ IF
FHOC,2C 5 COD BEIEAHG . XL COD &5
2C WRZS M ELEALE &R, i TN NH,-N F1 DO
W53 AR 520 1B 3A 4M Fl 5CA (6CAM i) & ZLER

TN
%

*®
S

Q
N
<
g
ﬁ i
* | 3
* :
11 |
® |
1.0 1.0

F—HE P 8(62.3%)
B 5 AREEREIPEEEITR ST

33 i

IR, 285 B PR TS I H ARAE B2 i KA,
TN NH,"-N f J5T & v B Wt R A1, 25 B 2 43 30l oy
57.94% #1180.48% ,fH & COD i i FE AW (2 |
Tt 61,15 mg/L, oAb, BRIEH G , KA AEY)
RETE S Rt e A T B R, AR T SO n 1 72
¥ ,Shannon Z K8 B 2. 32, A0 v 1 Bf 5 —,
AT TR B 7 93% , 2 BT A S B
[EER

LR BN AR TS ARE K
FE,H COD Joi o ¥k B2 1] I R AR, 25 B 36 43 0l o
32.87% F1 62.78% , TN F NH, -N [ i & & Z H)
T B, ZRUEPEINECAR N TR IEARE
SR KRR, A Y 2 R B Is 250 kA TR
[ A B2 Y B, AR W B R 2 2 A B | T, Shannon
ZREEFREY R 6. 77 R 6. 19, fL S PR R () Tl 2%
AW WA, EE R AIE ] ( Proteobacteria)) |
WK 1) ( Bacteroidetes ) i 2% 17 ] ( Actinobacteria )
FIPERLE ] ( Verrucomicrobia )

KA B E AR KFE, L TN NH, -N
e e BE U] W R IG5 BR R4 il 60. 59% FiI
59.71% 1 COD SRt JEmEAE 7, f 37.06 mg/L
139, 14 mg/ Lo A PARbEE S W] 2 _E T}, Shannon
ZAETEFR BTl 65. 44 1 68. 61,

AU 338 A R TR R R AT LA 28 A3 Tl Pl
(1) COD , $&FH] i (26 W HE T 25 0 1Y) Z2 1k 175

TR AR S AR o BRISBINEA T LA BRI
AT TN f2 NH N EAR 5y BOR T A )
AR TR 2 Y, (O D FA BTN e LR B W B, A2 )
ZRENEIE AR, 33T 3uk T3 PRI B9 101 3 LA AN A
B EARRINEH LR G 1B ZHAR, T LUA L
WA TT A TN &2 NH,-N, COD Jit £t e J¥ th o
R w62 R il O R | 5 SR DI i Y o a7
ZRAE AR T UL AR T

4 & &

TN B E AR RE  (H A —
P B2 ORI AT HOE AR BR Y. DR, 5 AR
PEA TR A K PR B P e il B SRR . 2
H ALK SR B E YU RE T SR DTSSR b, BF 5T
A FIE R BRI K R FREE A K B 4R
FAREHARIT G COD K i A= Wy v 45 19 Y A ok
RIS B ARA RIEAL T TN J2 NH,-N J5 i gk
JE ARG IR AR AR SR S B S BORTE
FEAER TN K NH-N St v B2 9 [R] i, X2k W it v
ZRAEMA B B EGE. NI, 25 KRS8 A
VIRETR S P A b, SE 5 L, X COD i i A9
SR PIRT , AT RLR RS A R ; 13 TN K
NH,"-N 555 v B i e 90 3 DU 7 R Tk Y 43 o
BLIEEA B G RBEEOR

S Lk
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