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WE: SRAEAERIRR 7, LPEE KRR 3 FEDRE R DU, 385 75 W BB A (RERF AL
1) REINA VIR E SN B E R R SR, SREW, ERFRAY B4R M T FE AERAA
JBALHE(ZT-JCZT-DK  ZT-MX) W EE R K EH B E W BB B AR NAEYERELE (ZT) 43 ES T
29.8% \14.3% 17.1% . F34b, WSIIBRIER 3 LB /K R PR AERE M RSB S T 2T 403, &
He AL AL 50 d 7, ZT-JC AhBE /KA B A LA (TOC) & B H W B CRBS IR AR A B A VLRI B 7 T 26.5%
EHBABRERAES FTEERILAEN S, PCR-DCGE il 45 5 8 7%, ¥ N4 HL5R U5 AL 58 6 40 3 2 ke 4
Shannon-Wiener 1§ 0 = BE 75 Tt B8, 3 o 8 0 R 5 A0 300 B A 16 40 T 3 B 2 1 Shannon-Wiener $84(B B 5
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Effect of exogenus carbon resource on biological denitrification and bacte-
rial community structure of eutrophic waters

LUO Jia', HAN Shi-qun', LUO Hai-rong”, YAN Shao-hua', SONG Wei', ZHOU Qing'
(1. Institute of Agricultural Resource and Environmental Sciences, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2. Luhe Animal Sci-

ences Base, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: Three carbon sources( methanol, rice hull, sawdust) were added into the biofilm carrier to improve nitro-
gen removal from the eutrophic waters by indoor simulation experiments. The results showed that the removal rate of total
nitrogen by methanol (ZT-JC) , rice hull (ZT-DK)and rice hull (ZT-MX)were 29.8% , 14.3% , 17. 1% higher than that
of control (ZT,no additional carbon sources) , respectively. The numbers of nitrifying bacteria and denitrifying bacteria in
the treatments with exogenous carbon sources were higher than that in ZT treatment. After fifty days of purification, total or-
ganic carbon content in ZT-JC treatment was 26.5 % higher than that in control (no additional carbon sources and biofilm
carrier) , indicating that liquid carbon source was inappropriate for the purification of the eutrophic water. PCR-DGGE pro-

file revealed that the diversity index of Shannon-Wiener and richness in the treatments of additional carbon sources were in-

creased, compared to that of control. The diversity index
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of Shannon-Wiener for the denitrifying bacteria in ZT-DK

treatment was higher than that in ZT-MX treatment, indi-
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KB ERMBIKEPEFRYR(AMBE)
o BT ALK FBAL, X BB S 4 ERE K
KBRS — 5 iR NS EER, B8
HEMEETRAAEERLUTRARESE
B VAR M R AR R T K TS 6 B
AR, BB E A AMIT S E B EE
3 , AR M R DAL AL B T o i U B AT R
R RS ST KA B R B T T R
P (ERAE W K AL P B AR TR . B
AR P EA HU AR S B TS, — e s
BRUR AN PR R, 2B LR BRSO R s kb e
KERF . HE, AR LY FE RN R R
PRI A T KK T B B S G B e X
B, EmTENEKE R, KBBEENWRESE
FEOR AR IR B B , T 13X S K 1 B8k R K 3 40 2 B 3
K24, 23K BT fER . BAh, AR
FEABERAE ! TBRITSONE 8, 4517 2%
FRES R R . Hi, K EFREBERRIREGK
AKARRE FIBOBRIR . I 4Rk, MR £ RO BF 9 B 145
E A AL A RIE SRS R KRR R R . HY
WA R T AR B A4 PCL N PBS 45 4 Ak
BEREEVISRORIEPRBRE, RERAYR
T BB TH B TS A A 0 T, B8 A5 e ARG K fk B
BAR, WX PSR T R A
W5, 1 e R R HIE AR, T LIRS RO R 5
KiEF IR

AT B R S8 B0 % A — Rl B
PR T o 7 e R A R R N /L R VR R A B
WRAERI R, B, A AR B ST 76 4 R BRI o R
N 3 FE YU (F BE BFE KB ) X B B Rk
R B RETE 45 R AL B R R RS AL A SRR
TR TR BRI, LA VA BEHA YA KA BB SR AL
BUEHIRKRSE,

1 MBSk

L1 Rt

RAEABIKR K T, 7E70 cmx 40 emx
45 em MRAFRTHEIT. ERRENERE—-ME
IR AR . D EB MR (FEFF R
TR JEHIR 35 em JREN 2 em BITL AR,
REBR AT ER I RGO, Bk ¥k
RoEE ERE AR TR F AT R A B, IIRIRE S

KO, 535 G INEAR R A LR IR Y 4b 3
(AHER) s IR INFSFE R ALY (E W AR A A1 KE) [300 g
(F&F) WA (ZT) ; IR INAEFF L9 [ 300 g(F
H) ] K E(100 mg/L) fy4b 3 (ZT-JC) s B IMASFF
wAY R AGF[300 g(TE), tbBIH9 « 1] KA
(ZT-DK) ; B FEFF Ak AR B[ 300 g( TE) , tb
B9 : 1] (ZT-MX) , BANEHEBEEIAE
B, SO ER R 3 100 LK, KB ETLHE
RUVBERE 2 S E BERMAN BRKE, HAAE
B4 4.35 mg/L, MBs S84 0.35 mg/L,

1.2 HRR&ESNE

BEMEIFR 10 d BL—ROKREFIA: A R A, SL B
6 YK, TEXALALFESS 0 d.10 d.20 d.30 d.40 .50
d, 43 BB 100 ml AKFEF-20 CHRAE, e KB &
A BB BBV (TOC) 58, FBYIBTBAYRE
R, FERG 10 ml 97K, F 4 CRTE, 5510 %
YRR P AL A R S A AR
LA TS 50 d B, BUR BN YRR, 5T R
K75 100 ml #j7K, A 0. 22 pum JEREHRHIRS , 45 40 P8
THETENR A L KRR AE T -20 °C, 742 HX DNA,
Fi PCR-DGGE St A= W R Ak b B R BF TR 4514 o
KA B R R R BE SR AW B 4 AT AL (Auto
Analyzer3) Jll I8, B LY K F TOC {X ( MultiN/C
3100, Germany ) ] 5 ; 4 P4 305K F P AR T80, 3
FEAGCHNBEAFERE" R0 B AR AL
B ECR SR BRI MPN) 30k,

1.3 PCR-DGGE #&l

FF§ PCR-DGGE A ™! | 3@ 13 K {& DNA i3
% (Omega) $2HUKAH4iE§ DNA, 283 PCR ¥ # /5
(PCR E| % 3 PRBA338 I iiF 8| #: 5'-ACTC-
CTACGGGAGGCAGCAG-3' 1 PRUN518 T #2545 .
5'-ATTACCGCGGCTGCTGG-3', 7E PRBA338 | 78|
I 5" BRI GC Je F . 5'-CGCCCGCCGCGCGCG-
GCGGGCGGGGCGGGGGCACGGGGGG-3') , 3k F D-
Code ZEAFKG I F 45 ( Bio-Rad ) X # 5 #£47 DGGE 4y
Mo FTRARRIBBEREEE RV N 8% , BB
H 40% ~60% ,80 V. {HIE 60 C .1xTAE H ¥k 16
h, SRPE A,

15 B4 A Bio Rad Quantity One 4. 6. 3 3R {45#
738, 3 1f Bio Rad Quantitiy One 34 R G
DGGE & H# i FE B, & Wk-B A ZHE 4
B(H) FEFE(S) WHHERB(E) IR
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SR
1.4 HESWS5%it

EEREARS Tt (5 SPSS 13,0 #fF, R A
—HHESTMAET B L EE G E AT
B, LA 518 Duncan’ s fil Tamhane’ s T2 &3, %
H] Quantity One 43#7%{4 ( Bio-Rad) 43 #7HE i DGGE
BIKA o

2 4 B

2.1 ShnERiE R KRB S BR

B0 10 d X 7E A 9 R 2R A R TR TR A LB
TR K AT I KRR SR BB BB S
BALIER 1, HL5E 10 d ISR ER, 5XT R
M, SAEKER BREMEBHRSELEEYER
(P>0.05) ,Ti¥4k 20 d & ML BK AR AR
BRACRBI B4R 5 (P<0.05), &3 50 d Wik,
KB A S EM 4. 35 mg/L RS 3. 95 mg/L,
BABBRERN9.2 % ;7T LB KAEH BASEMN
4.35 mg/LTF %% 2.95 mg/L, BREBGKE R 32.2
Po ; S IR IR 1) &~ 40 38 (ZT-JC \ZT-DK F1 ZT-MX)
KA I 4. 35 mg/ LAY RIS 2. 53 mg/L.,
2.75 mg/L A1 2.71 mg/L, H ZT &b 38 #) 58 B F
(32.2% ) AP RRE T 29.8 % 14.3 % 1 17.1 %,
{B5AL5E 50 d B &b BEOK AR R BB R UR AR
HE, &M EEMERYAEE(P>0.05), &5
50 d Ak, XFROK A BAE LY & B M 53.29
mg/LREZF 44.75 mg/L, FRET 16.0% ; ZT kb HEK
AhEEIYSETHET 57.1 % ,ZT-JC ZT-DK #l
ZT-MX Zh B KK BE N 25 FHET 52.6% .
36.3% 1 45. 6% , RIwEERIA R, WAREK IR BE
FIBIN A 5 38 oK Ak p SR DL & B 9 o, B4
21t 50 d ML IR, BB VY BAR TR 52.6% ,
ZT-JC K BE N S 2454 60.92 mg/L,
BERT RS SE VY SR (P<0.05) i
PRBR IR P TS N R 1 UK R BB ML & B .
2.2 MR xS 7K o 4 T E R R N

e A YR TE K AR g HR, 45 R (B 1)
Bon, SXTHRA L, B4 BT 20 d &40 28 A 20 4R
BXE Z A4k, 4 30 d B, ZT ZT-JC. ZT-DK #1
ZT-MX RhEE e A E R B i, 30 d J5,ZT b3
Rl B R & TR e , {3 ZT-JC \ZT-DK F1 ZT-MX 4t
TR B R ., &g 50 d §9¥ 4, ZT 4

%) 41 B B B 3. 8% 10° CFU/ml 3 11 31 8. 68x 107
CFU/ml, i ZT-JC . ZT-DK F1 ZT-MX kb FH {41 1 %
B4 g mE2. 3x10° CFU/ml . 2.4x10° CFU/ml#0
2.6x10° CFU/ml, %W, FinED R A RAH
PUBR IR 7K A h G P 38 = T RS A W R 3R i 4
Bk R HEEE.
2.3 SMMBREXKGEHEUAEMEELARNE
Eaf Al

FF MPN THEGEN & A RIAL A Y IR B AR %
KA AL 4H o A e il AL A B A o, 45 R (B
2. F3) B, S EAYEREREKEPHL
2401 T A0 SRR 1 2 B B0 8 I v 1 SR 80 3 i T
g , Hk 30 d J5 , &N b B K AR i AL 4H T AN
RIEAHAREBEIHABEMEZR(P<0.05), K
SN A W R R A R B VR 1 3 A ZE A S A b 4
RHEBESFREMAEYBEEE(ZT) 4 (P<
0.05), 4L 58 50 d B, 48 A0 A 4y A 4 1A Ak 7
(ZT) WAL A E MR AR E S B2 & T3
HR(P<0.05) , %% I A= 49 RS 4% 44 e VR 4k 3 ( ZT-
JC.ZT-DK \ZT-MX) 7K {& 5 fi 4k, 4t 5§ 0 52 A 4k 40 7
BERERTREMEDEEIA(ZT) (P<0.05),
2 B 0 A ) R B 1A PN Bk TR BE i 3 4R R K A Hh A
L2 AR AL R B
2.4 SR X 7k 4 40 T8 B TR A A O RO NI

7K f& DNA 77 & (Omega ) $2EUH: ) DNA 3#
17 PCR ¥ 8 , 2K 4™ 14 7= 9 v Bt K/NA 230 bp,
MESE A 168 rDNA V3 X487 B, it DGGE £
RITHHE AL FEH PCR =Y 53 B R T 570, 45
R(E 4) Bin, RNEIAHEFE 1 16S rDNA V3 [X
PCR =¥ H B AL —E W 2= 5. X DGGE
BREHATRIE 00T R - A4 B A 5 BB T LA 4y
B AR R, £ DGGE BE ik KHHHE .
SREMIEBRFELE -ENESF . ARG Quan-
tity One ( Quantity One 4. 6.3, Bio-Rad,p<0.05) ¥
DGGE i # A F R, BRSNS
Shannon-Wiener ¥§41 .5 (S) FIH S EIEE(E,) ,
HR(R2) BR THEMANAE 27 54&,2T ihEH %
N T 36 %, ZT-JL ZT-DK  ZT-MX &b38 ) %&
WHE T LT b3, B9 AR A DLk IR
AL ¥R 4 B 25 FEHE Shannon-Wiener $880F01 =F B 34 B
BT, RN INA Y ERE R RIE RIS
KR MR 2R, YRS FIAE
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Ab 3 ( ZT-MX) ) Shannon-Wiener $5 $0fik T R %5 FHTEERLKIENIGHE,

YR B IR (ZT) L2, KB AR B AE 1R A YLk

F1 KEPERZ BB EENBIENTL
Table 1 The contents of total nitrogen, total phosphorus, and total organic carbon in the water

- FALRE(d)
Bt i
0 10 20 30 40 50
S (mg/L) o] 4.35£0.25a  4.32:0.14a  4.25+0.12a  4.1620.15a  4.07£0.22a  3.95:0.21a
ZT 4.3520.25a  4.17+0.12a  3.79:0.18bc  3.46+0.19b  3.28:0.11b  2.95x0.19b
Z1-]1C 4.35£0.25a  4.11%0.09a  3.47:0.20c  3.1020.19c  2.89%0.20c  2.53:0.18d
ZT-DK 4.35:£0.25a  4.19£0.17a  3.85+0.21b  3.2720.20bc  3.05+0.18bc  2.7510.15¢
ZT-MX 4.35:0.25a  4.11£0.11a  3.98:0.19b  3.56x0.18b  3.12:0.19¢ 2.71£0.13d
BB (mg/L) pagii] 0.35£0.02a  0.3420.0la  0.320.02a  0.33+0.02a  0.31z0.02a  0.30:0.03a
ZT 0.35+0.02a  0.3220.02a  0.31x0.02a  0.3240.02a  0.31:0.02a  0.29x0.02a
ZT-JC 0.35+0.02a  0.36+0.02a  0.33£0.03a  0.28+0.02bc  0.29:0.02a  0.30+0.02a
ZT-DK 0.35£0.02a  0.3320.03a  0.3420.02a  0.33+0.02a  0.3120.03a  0.32z0.0la
ZT-MX 0.35£0.02a  0.35+0.03a  0.30£0.02a  0.31+0.02ab  0.30£0.02a  0.31:0.02a
BAEN (mg/L) Xt B 53.29+4.12a 49.8+3.82a  50.16+2.87b 47.37+3.98c  45.25+4.02¢  44.75+3.19¢
Zr 53.29+4.12a  45.13:4.18a  40.28+3.19a 33.65:2.19a 28.15+2.98a  22.85:2.76a
ZT-IC 128.63+7.38b 110.18+6.38b  94.28+8.21c  85.5417.61d 73.87+6.26d  60.92x5.16d
ZT-DK 53.29%4.12a 48.1614.71a  45.43+3.67a 42.1742.91bc 37.28+4.51b  33.9412.76b
ZT-MX 53.29+4.12a 46.42+4.53a  43.92+4.12a  39.64+3.65b 35.31:3.17b  28.98x2.18b

Xt BB AN ER AN ER AR KL AT MLBIRAL 2 2T B AS A 5% (b b 2 ; ZT-1C . FRInFEFF s AL ) 0 FF BRLAh 38 ZT-DK . FRINFEFF % ALy RS 52 40 2L
ZT-MX: R R A B LB, R—ERR—F P RRNEFRHRRERIE0.05 BEKF,

2 16000 F
@ 3 000 -~ 2 14 000
£ & 12000}
% 2500 - 2 10000}
o 2000F H 8000
X 1500F E 6 000
B 1000} § 40007
= X 2000 . 3 L
i 500 £ 0 -
= ) - = 10 20 30 40 50
0 10 20 30 40 S0 BURE ()
FRAH @ o U AR A A4 (REHE)
Y 7 & 3 . . —a— TRINFEFF R BE
e T DR (IR —a RS AR T B
e B R R TR LT, o R SR A,
o e FIFER ARIA AL
TRINFEFT RALYIFOAR B 4038
e RAHTAM M2 kAR RO
Bl AEhAESBOEL Fig.2 The changes of the number of nitrifying bacteria in the

Fig.1 The changes of the number of bacteria in the water

water
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Xj ZT ZT-JC ZT-DK ZT-MX

Xt B SR A0 B B R ML IR AL B 2T TR INRS AT s AL 4t

B ZT-JC B IAEFF S AL W A Y BEAL 38 ZT-DK A AR AL 11

FIRESTALIE; ZT-MX R IRSFF R ALY RIA B AL

E4 16S rDNA V3 KK PCR =413 DGGE i

Fig.4 DGGE profile of amplified 16S rDNA V3 fragments
from water samples

*k2 AELEBHER SN Shannon-Wiener 354, 3 FMNH 5 BIEH

Table 2 Shannon-Wiener index, richness and evenness index of the bacterial population with different treatments

m H Xf R ZT ZT-]JC ZT-DK ZT-MX
EY;'s 27 36 38 42 39
Shannon-Wiener #54{ 2.814 3.318 3.379 3.398 3.270
etk 0.854 0.940 0. 891 0.891 0.893

X A EINE AR A BRI ZT YR RS AT R AL 0 A0 28 5 ZT-JC . B IFS A 5k A 40y 0 B B 38 5 ZT-DK . B RS #F 5% Ak ) M RS S 40 2 ;
ZT-MX: FSmAE PR RAL AR B AL 3

34 ik

BRI R A AE W A RO R N U E R R R
MEEERIRHI YR, R S B T R B
RRZ—o RAHAE LW AHRREL SR ELAE i T
AR R K R HLIVE A RRIR 5T 2 A 58
LA AR R & R R E B IR &Y
PSR EIERALAAET, K Ra L B
ZE| M, T2 NONO, \N,0 3 FHREH FUL
R B SO BT & SRR A L K
HrRERRERZAR, BRANERREE
BRA LR R BE TR . T2 E IR
APLBRIR , RK R YRR — R E B 7 ik (B 7ESE
B P Fh 2025 S8 BEAS I IR B SR B0 AL 15
e, WEAERN—ANEYBIR, TEI5 KB PR Z
R PR AR W E VS K AL B R R AT, R A

KR ZIRI5 G BAEBE B TR RAEBIR
8 R DA B B B B I ik &b P 45 ) AL TG 32 1 A o
AR P RBEARMBAEYEFTNYSEAH
53.29 mg/LiE B 5] 128. 63 mg/L, %iL4E 50 d BHIR
IR BEAL B K AR B LA B LIRS AR B
WEHET 115, R, FEAEAESERLH
THAK AR B

A YRR FEREEA YRR Ve
BRI S EGRHA RS, MEYEL TR
AR REMEVE A (BRI E BRI e R
FEA TR BSR4 T E IR, Katleen &
X 4 AARE TR ERK A SR R S R
MR A R R W A WA K R, K ik
MERBE SR Bk, BHE " R
REW, FEE KA SHERN T, e 2R
TR, BBUKEERRGEREH L. EPBEREM R
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AT LAFE K f b o A 4R 1 B B AT B S B, R
MR YRR A B 2R, AT A A T3 B K
8 SHLEE S . BIRREREVIKIKH B B4
PRI S R LR E BEMR, FEE W SRR
R R AR ERR™  AR e YA
R BBRIR ORGSR IR AL BAR T Kk A
PR TR A S AR AL A R R AR TR S S R
TN, EHRBRIERE S AR B X K A4 (LR w3 B T
BEER BRMEAENHE LR L
BEMAEH R SRR BB THRINAE
43R, BREEIHRGEREN, KB EHRBAR
RLRERRRR, B R EEZE, i,
FESE R R P AT AR R RE SR AR O S AL BB IR, Ok
AL E BRI,

SE 3k
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