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Abstract:The denitrification capacity of a landfill bioreactor was investigated under different ratios of injected leachate C/Nj the
denitrifying bacteria community compositions over four injection times were also studied using molecular approaches and functional gene
nirS served as marker. Results showed that COD/NO; -N ratio of the injected landfill leachate had a significant impact on the
denitrification capacity of the bioreactor. Nitrate reduction rate increased from 1. 14 mg- (kg+h) “'to 11. 40 mg mg- (kg-h) ~' when the
injected leachate COD/NO; -N ratio raised from 3. 11 to 13. 08. It suggested that a stable and rapid denitrification could be obtained
when bioavailable COD/NO; -N ratio in the injected leachate was 6. 37. In the bioreactor,the main denitrifying bacteria was similar to
B-proteobacteria, and others belonged to uncultured bacteria. Thiobacillus denitrificans and Azoarcus tolulyticus known as B-proteobacteria
were the dominant species and played an important role in NO, -N consumption during the leachate injection.

Key words: landfill bioreactor; landfill leachate; C/N ratio; denitrification capacity; denitrifying bacteria

P S5 5 0 97 2 R R i A
A1 B 53 O 14 B, 3
53 WEARAT BLD 9 A, 0 1y S5 BB 3¢
R 0 i T O 7 . B R A R
ST AR A AR L (055 5 95
R R 7 KR B 8 3 3 1 41
AP P SRR T & B AR g T
B EUR BB LT AE R 8 TG C/N
U S 0 . C/N B Al 2 S A 7
S E 10 T 92 D8 ¢, T FL K220 AR, SR
B IR £ C/N A AT WO 3 2038 9 C/N 3
S8 AP S R T A1 PR B8R 8

W15 DB WAE by ME AR SR A B B Y, — 7 T i) LIS )
7] IF 2% B2 B AE WL 2P 0 H 5 55— J7 TR 98
DT BN AR B A R B RRAS . AR, H R IX i A
W A DL R E L DRI, T R X T ) A 6 I A PE AR
DL 3% 95 U8 W A B U5 R 1 3% HE AR S A A 1 B 1R 5 )
HAAEEZ .

S A Ik R 2 AR DA DR AT, LA R 2R
SO R 1 A FR 1 s A K LR R O AU N, O BN,
WA H 97 :2011-01-05 ;4517 H #1:2011-05-05
FEATUH H K w8 AR ST kR &I (863) Tit H (2006AA067327 ) 5

WA BB E L4 H (Y307452)
P& MR 2R L (1982 ~ ), B3, W L 0F 9 A, 2 ERESL 7 1 A e

4 FEA Y, E-mail ; ligianfly@ gmail. com
* JHIIEE R A, E-mail: mchen63@ 163. com



114 Bz 55 (BN HEVS DB C/N W S by R AR W) SR 25 IO A R A 1 5 o 3387

3k, 2 0 AR 2R T LA 2 9 B Ak
T T 6 5 A 1R 500 I Il | IO TR O ) Bl | — S AL RUIE
Jost il AN A I IR Jit Bl 4 ol I v I A TR R O T I
%I RE I B I, 2 1% 4 1) ) BE R TR narS W]
VR ST BOE A S A e o S5 K IR 20 T hRad AL AR R B
) LR GRS AR A IR B S A AL Rk
W% REVE ORI ST AE 0 A A ok B R 0 o
B RH A Bl A W ¥ 8 4 B IE SE AR AT R, IX BHLAG T 17
ISP 37 HE AR I A - HE A N RO A6 T 20 LR £
IEFE. DRI ON % 5 7 33 HE A ob SR A6 1k A 0 45
AEFERIE I % T2 5L S A A ML A 7D T 2 N 2.

AHIE 58 LB B 57 3% 08 W0 B, % %% C/N X
SR 3 ) 5 N s A A ks R TR S R O B
G0 VA R O R R DN narS R TR 4 F bR, Y
HI PCR-RFLP-5¢ |6 ] 3> BRI 5T S 17 3% 744 e
o SRR A 20 TR AR T £ A 22 A P O AR A DU O 7 3
V5 VBRI A i S AT S AN AU S i A7 S i A
e 2 1§12 11 B9 4 4

1B sk

L1 BRI A ) B s

S U6 Y SRCHE 7 000 A S I i S T R R T A
BUB S I, 5 75 om, AR 20 em. Ji BV 25 T 236 7
W, B I WP RE s IR ke AT 5o — ), T el
VE AL TS 5 DE LI WCEE 5 o P8 AT [ A B ORI
B B ) e N d e E B 1 .

2 BV EER ]

XIXFL T

B E

=23
B B U O

Sk BAEX LR
v

B NIERT]

1 UHEE I A ) B N 2% B R R
Fig. 1  Configuration of the bioreactor filled with landfilled MSW
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Table 1 Physical composition and chemical properties of

the refuse in landfill bioreactor

W) YL Gy HAE || A Bl || Ay Hfi
WA/ % 52.86 || pH 8.21 ||HE/g-kg™' 8.69
4K/ % 0 G K % 31.98 || HA/g-kg™' 3.41
MR/ % 28.54 || TN/g-kg ™! 3.11 || FA/g-kg™' 5.28

Fi W/ % 3.51 || TP/g-kg ™' 1.83 || HM/g-kg ™' 147.06

B/ % 0.13 || VS/g-kg™! 268.51 ||HE/g-kg™' 0.65
&)@/ % 0.23 || BDM/g-kg™! 48.46 | HA/FA 8. 69
A/ % 7.58 || — — ||— —
/% 7.15 || — — |= _

1.2 [RlEVS R IR R Ik S R AR Y e M 7 ik

AR5 UE I B UM T R 0 by S B 395 08
VAT Rt BT A V5 DR 2 W TR e B DL E VR (MAP) 2%
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o gk

B CRE B A DNA (32 B K H FastPrep DNA #2
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Table 2 General properties of the leachates in tests

Ef=RAN B 3 IR A ) N 5 U715 08 WS Gl

R6-1 R6-2 R6-3 R64
pH 7.36 7.18 7.12 7.54 7.41 7.28
COD/mg-L~! 156. 81 6 860. 68 1553.6 2516.8 4537.8 6541.6
NH, -N/mg-L"™' 78.26 1506. 80 59.70 65.59 71.47 64.31
NO; -N/mg-L~" — — 500 500 500 500
NO, -N/mg-L ™! — — — — — —
COD/NO; -N — — 3.11 5.03 9.08 13.08

FEE At %, LA nirS1F Sk 1E 17 81 ¥ F1 nirS6R K
W 514 55 Bk /N Jg 890 bp. PCR 37 4
N4k % : 10 x PCR Buffer 2.5 uL, dNTPs ( % 2.5
mmol-L"")1.0 wL, nirS6R (20 wmol + L") 0.5 pL,
Taq (5 U, Takara)0.3 pL,DNA 1.0uL, b 25 & F
/K% 25 pL. PCR ¥ 88 %4} .95C 148 P4 6 min;95°C
A5 PE 30 s, 60 ~55°C B K 40 s, 72°C 4 1 min, 10
AR CBREAS I 3R IR KR 1°C) ;95°C A2 1 30 s,
55CIiEKk 40 s, 72CHEMH 1 min, 25 AFIA;72C GE
i1 7 min, 4°CLRFF. 5GP H 1. 2% B0 35015 B ok JIe
BEL K (B e, A 44k 38 571 &5 464k ( Axygen, USA) . J i
TA S BEECARE Y 5 8 nirS v B #: 5) pMDI8-T 2
{4 ( Takara,Japan) I, Jf#: 4k 3] JM109 2 52 4 40 fig
( Takara,Japan) #1. B pMDIS8-T # {£& 5|4 RV-M #l
M13-47 £ PCR (1) 514, 56 UF 97 1E 1) e [ 46 A
YR BCR /N o 15 IR . Fr W KN IR B narS 2 A
PCR 24 il Hha 1 (Takara, Japan ) B 1 ¥E Py 1) i iy
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H N 2 os Je B SC P 10 e B B B M B it 4
aRarefactWin % 14 ( http://www. uga. edu/strata/
software/Software. html) 22 . ¥ 0 % 15 3] (1 nirS 3E
Ky 5 5 NCBL g 48 % 28 47 ) U 1E teoxy.
Clustalx1. 83 #% 4 f1 MEGA %% 4 v 1y 48 B ¥
(neighbor-joining analysis) #J #t nirS LK ZRA K T
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aeruginosa 1] nirN 3&[X ( ACCESSION No. D84475 ) 4f
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Fig. 2 Variations of NO; -N in the bioreactor filled with landfilled

MSW during four successive treatments
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Fig. 3 Variations of NO, -N in the bioreactor filled with landfilled

MSW during four successive treatments
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2.2 [HIEB IR C/N XF IR 3 AR ) R 2% A
PRSP 1) 5 i)

ghar i 2 RIS AT SR B3 A A S N s A
1% 340 i e B A 0] E 5 B8 W COD/NO; -N LG 9] 1)
P 1 42 5. R6-1 \R6-2 \R6-3 Fl R6-4 [ ]V %% ) il
FRERIE JEE Z 5k 1. 14, 1.24 6.33 F1 11. 40
mg- (kg-h) .4 YK[ATHESZEG W FEK) COD {E 435 Ky
693.1,1163.8,3178.4 F12886.0 mg-L". k.l
D4 K [0 W A 0 3 2E ) R 4 25 B 500 mg L7
NO, -N it 7 f1 52 b C/N 34 1.39, 2.33, 6.37 fil
5.77, A COD 1315 K40 3] Ky 44. 6% . 46.25% .
70. 0% Fi1 44. 1% . MR 184 9 56 4 I i A 7% COD
{9 Sk REVE A2 B g b, B 5 4k JE 500 mg- L
NO, -NZ /b F % () COD {4 4 1 515.15 mg-L™".
Kuba 28" IHF 50N K, 49 C/N < 3.4 W}, 32 sz 58
A I AY, 506 250386 0 Bl 5 I BEN L SR, 7E A SE 5
R6-1 Fl R6-2 [ N ¢ 1, v F| I i) COD 43 jil H A
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ghie. I, HEDE R6-1 F1 R6-2 = [ #% & fid 1k
ST RN I PRI LL N, O Sy 3 fH 78 R 78 L 4%
N, R6-3 FI R6-4 Jx W 85 P, [0] 3 #3 98 Wi COD {H
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Fig. 5 Variations of COD in the bioreactor filled with landfilled

MSW during four successive treatments
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Table 3 Analysis of nirS gene clone libraries from

the bioreactor filled with landfilled MSW

Ff b B B /A OTUs/ /> B YR %
R6-1 79 16 98.7
R6-2 52 9 94.5
R6-3 69 12 97.1
R64 69 10 97.2
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Fig. 6 Rarefaction curves for nirS genes of four successive treatments

TN 4 U 0] RE IR I AR ) SO s nirS FE A
FP AU XS JE AR Ge A B A LT R DU Y O 2
WK S Al A B S 0 K ER xR B-AR TR TR AN (B-
proteobacteria) Z 1# A {BL, /b % k& AR B 5% WL W

(uncultured bacteria). 4 ¥ [W]#E s N %% W fiFd 4k 41
WRFE S R T — €A R6-1 N gs 9 12
B4 B-A% K W 4N ( B-proteobacteria ) [f] Thauera J& .
Azoarcus J& F Thiobacillus J& 40 % ; R6-2 [ V. 2% LA B-
A T W 4N ( B-proteobacteria ) [f] Dechloromonas J& .
Azoarcus J&F1 Thiobacillus J& 70 8 K I ; R6-3 Jx [V #%
W i A 4l W R, BR T OB TE WA (B-
proteobacteria) [ Dechloromonas J& . Azoarcus )& Fl
Thiobacillus J& 41 W 4b, B FE T y-Z B H (vy-
proteobacteria) [IY] Marinobacter & Fll Pseudomonas J&
G 5 1M RO-4 J NV s N AN & A B-8 T W AN (8-
proteobacteria ) ] Thiobacillus . Azoarcus 2 > J& W)
2 1R .

RE Ui, Thiobacillus denitrificans F1 Azoarcus
tolulyticus G #% 52 S 17 g A= W) s B 248 1R 46 35 S Al
P VAL AH I I e R R (o e e B ) BB /N
AN, T AR . Azoarcus tolulyticus & B AR L |2 4%
7 () P 6 28 SR A it v 0, T DAR R R
AN A 55 F A A R e A L
AGRELOHWE D OME O RORY A6 B UL Azoarcus
tolulyticus VI T %2 15 YW H — & B 107 FEH G Y E
AV R AT A AE R, I C/N i R6-1
(3. 11 42 5524 R6-2 5 5. 03 I, S5 3 %% A 254 vl F
A WL 0, Azoarcus tolulyticus BT & 4 0 % Hh
SN AR AR AT RE, G v B R A R6-1 1)
10. 13% ¥4 10 2 75% AR /& 1 0% 75 4k & Wik 1 3
N T B UL X Azoarcus tolulyticus (R ,C/N K
9.08 Al 13.08 I, I vd B F B 70l gk > 2 T
59.42% F1 7.25% . 1fij Thiobacillus denitrificans #& /™
B H) B IR B, K BEA H ALK I (CO, (HCO, ) BE4T
AR, B N TR K R R A 2
YRS R C/N (31D AR i T AT
FH AT BUBI U5 AS 2, 5 9% Al A /R FD 32 21040 41,
Thiobacillus denitrificans 7] F) ] S 1 [z W 28 P H & 5
A AR ) CO, 5L T8 HIL R 1 O Bk U5 58 Bk
B IR AL, AT g o 0 35 v RE . AR AT LB U5 TS A2
I W T, Thiobacillus denitrificans 75 % Fl 5 57 [ fid
W 55 AR INO, =N, 72 S Al A6 1 F v / A0
P Hl 59, Hovd BE R B i R6-1 N A% PN
77.22% %3 R6-2 Jx W g 1) 15.38% M R6-3 Jx
g IR 17.39% B 75 C/N 2 13.08 (153 T,
Thiobacillus denitrificans T J1 J§% 0 R6-4 [ N 28 F 1)
DB B it A v RE (v B F B 72.46% ), LR R AT
Fy ik — B W9,
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94— 61-9
66" Uncultured bacterium [EF177799.1]
99 61-12
8 Dechloromonas aromatica RCB [CP000089.1]
63-9
57 62-7

61-16

9
28 Thiobacillus denitrificans ATCC25259[CP000116.1]
62-5

100 63-1
62-9

61-3

Y 62-2

13 64-9

72 61-11

100— 63-2
64-3
[38 63-5

o0

S 90 61-13

62-6

0.1 4
100 62-4

64-2

63-6
70 63-7

Thauera terpenica [AY078266.1]
10 Acidovorax sp. 2FB7 [AY078273.1]

Azoarcus tolulyticus strain 2FB6 [AY078272.1]

Uncultured bacterium clone [AY078277.1]

Uncultured bacterium clone [EF558394.1]

Bacterium CYCU-0204 [DQ232368.1]
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