32 B 1 7 55 gl 2 Vol. 32, No. 1
2011 4 1 1 ENVIRONMENTAL SCIENCE Jan. ,2011

EHFERINBAREFEVHERATR

ST 7 i LS £ 7= R ¥ N I - | R 197 Shl

(1. 1M R R 5 TR 2B, KD 410082; 2. HEAEY SERI AT E A LRE (WMRY), Kb 4100825 3. #%
W BRI ST BE , KRV 412000)

W ST A A SBR SN i P B I R v BE 00 45 I SR M S I LT A AR 4 FE RUR AR R 1 T B IR B9 B 2 B SR AR W A
T2, SEER 4 B G R A e AR R R A AL RTR S 3R 2 B B, SBR N RYIRJE IR A PR FEFE (31 22) C. RS RR A & £ B Bt
pH (R RELE 7. 8 Zo 47, i ik i T K S B He FE (56 ~ 446 mg-1.7" ) S2BL FA e B B9 A8 4k, Wi 52 B0 X il 92 B8 A4 okl Fn vk, 35
e 1% 4G I 22 B 7R B B (9 365 55 d, SBR TG TS e 22 90 Hh 45 o 1 4 AR A AR TG 1 [ 2. 91 ke (kged) ™1 ] AHTAR AR 149 307 1% 4k 41
FETHPEL0. 03 kg- (kged) '], REEEACH IR ARG BL, FA W B8 i 7] i R 2 ik /K & Bk BE AN pH b7 B4, i BE il T
IR A AT R HRD LU KOS U8 AR = 8 A0 TR R IR Ay, i SBRORY I R V5 e A H ZE 5 R B 1 I A A AL T
[2.83 kg- (kg-d) '] Fl— 5 B9 W7 Al R #h S 1L 1% E [0.02 keg- (kg-d) '], FHEXEH M B ESWRAZALTE 065
kg (kg-d) M JRI—E M R R AEALIEHEL0. 11 kg (kg-d) 7' ].

KR A WA AL KA =AML B SR AR U Wi v

FESES X703, 1 XEIRIRB.A XEHS.0250-3301(2011)01-0199-07
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Abstract: Through controlling the concentration of free ammonia in the sequencing batch reactor (SBR) , the single-stage autotrophic
biological nitrogen removal process was achieved, including partial nitrification and anaerobic ammonium oxidation . The experiment
was completed via two steps, the enrichment of nitrite bacteria and the inoculation of the mixture of anammox biomass. The operating
temperature in the SBR was (31 £2)°C. During the step of the enrichment of nitrite bacteria, pH was about 7. 8. Changes of FA
concentration were achieved by controlling the concentration of influent NH," -N(56-446 mg-L ") , in order to inhibit and eliminate the
nitrate bacteria. The activity tests of the sludge, 55d after enrichment, showed strong activity of aerobic ammonium oxidation
[2.91 kg-(kg-d) "' ] and low activity of nitrite oxidation [0.03 kg- (kg+d) ~']. During the inoculation of the mixture of anammox
biomass, changes of FA concentration were achieved by controlling the concentration of influent NH,” -N and pH. As the inoculation of
anammox biomass , abundant of bacteria and nutrient content were into the reactor and there kept high activity of aerobic ammonium
oxidation [2. 83 kg (kg-d) "' ] and a certain activity of nitrite oxidation , at the same time , the activity of anammox and heterotrophic
denitrification reached 0. 65 kg (kg+d) "'and 0. 11 kg- (kg-d) ', respectively.
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. H, AMO: ammonia monooxygenase ( % . & 1k
fi ) ; HAO : hydroxylamine oxidoreductase (¥ % & 4k
A JE ) : NOR ; nitrite oxidoreductase ( V. 8 & 1k i
J ) .
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Fig. 1  Schematic representation of the 3L lab-scale SBR
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Table 1 ~ Composition of the synthetic wastewater

used in this study/mg-L "'

% T % i
(NH,),S0, 264 ~2 112 || FeSO,+7H,0 10
KH, PO, 25 ZnS0, -7H,0 4.4
KHCO, 125 CoCl, -6H,0 3.2
CaCl, -2H,0 300 MnCl, +4H,0 10.2
MgSO, 200 CuS0, +5H,0 3.2
NiCl, -6 H, 0 19 EDTA 6.25
H,BO, 6 pH 7.2~7.8

F2 WRBEBEAKKR /mg- L'

Table 2 Characteristics of the raw leachate/mg « L~

453 WH « briE2E || 5 YMH = b2
CcoD 3800 =289 NO, -N 0
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NH, -N 1529 +312 e e 8954 +2 586
NO; -N 0 pH 7.62 0. 35
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Fig. 2 Evolution of the SBR during period 1
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Fig. 3 Evolution of the SBR during period 1[I



14 I 45 - 42 1 90 9 S R 2R B R AR W IO AR BIE 203

i A 40 R T BE K A BB DB R
£3 2 MRMB R

Table 3 Characteristics of nitrogen removal in both periods

A=) ZH BT BBl
1 JNE ] 5554 45 123d
2 KEAWE /mg- L 336 1442
3 HMAKEAWE /mg- L 55.2 48
4 FHAMM/kge (m-d) 7! 0.112 0.32
5 HAMEFE/ kg (m®-d) 7! 0. 094 0.31
6  FEMTRMRIEA kg (m-d) 7 0.031 0
7 AR A kg (m®-d) ! 0 0.015
8 A EBk/kge(m’-d) 7! 0 0. 450
9  BRFESTHE/gL! 1.7 1.5
10 wARFEAATE kg (kg-d) ! 2.91 2.83
1L KO AY Rk AL T M/ kg - (kg-d) ™! 0.03 0.02
12 ERIRAE A kg (kged) ™! 0 0. 65
13 KSRk (kg-d) ™! 0 0.11
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AN TR R 22 S T e 4RI S UL B BT
FBY B 6 5 U LA R 7 508 B v i DT TE 9 43 5
# 47 PCR-DGGE 4+ #, H DGGE Kl i tn &l 4 frw
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Fig. 4 DGGE patterns
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S A 5 ) 5 MV U R LA W 2 R T ROR 2R R (Y
FERNE, MERARGE T, BEAWKE (TAN)
pH R EE G I S B AE 04 52 T G R 3 A U A R
(FA)FEATEER %, FA BIHE = (6) M= (7) BF

— [19]

7N

] TAN
FA(mg- L") = 6
(mg - L) = oy, (O
KNH — 676344/(273+1) (7)

K5 AR AE (6) Ml (7) iHREA B R B 1
FIBTE: T FA B9 {H. Anthonisen %“g-ﬁ\j{j FA
X} NOB B9 A3 s ikl JE Bl A 3.5 ~ 10 mg-L~", Xf
AOB FMHIJEE A 10 ~ 150 mg-L~". 7EFE T 1,
MK R E N 56 112 mg-L 0, t TR
) FA HRE KT 3.5 mg-L™', AOB Al NOB
PR Z B, BT LA K R A B R £k S0 T A
Wi e, AR BE S FA WA N, ok
(1% S i 2 6 R0k B Bt 2 B — S R B Y T Y
PEK G A e BEAE 168 ~392 mg- LI, K2 £ Ay
FA W IEALEFFTE 3.4 ~9.36 mg-L~' 2 0], Mt
NOB 52 2| T AR, fE A BT RIAY FA 06 5%
TET, K RS IR 58 ZB W %, WA Rk AU
PR B (AR A ERIERERE NOB
AT R 2, 4 NOB A B 8] 9 32 17 5 B b X FA
BRGNP K SRR E T & 448 mg- L7
B, HR K R R RV B R v Y L. R
FA W E#EE 10 mg- L AA0H _LBR S, FA X NOB
(R4 TV P55, D A 32 380 40 ) ) I i R R AR R 1S
@R, T B H, FA B B o
W pH #5476 3.5 ~ 10 mg-L ™' 2ZJ8), MR IE
N o NOB A S i B8 £k 20 0 7 32 2 A 29
RSB RP B RS WA EL, & AAOB 2
HEFE R A Y, AR 3 A R T e A LB,
REATR H K T 8 2 R VR
3.2 YRRV A2 AR O A

HRAEE 4 19 DGGE [ % 45 Fh Ik 1 75 U8 i 240 1
FRE 4w 4R X (8) #AT AL
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Fig. 5 Evolution of FA concentration during different periods
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JEYI AOB F1LL AOB (1 I 7= 9 Sl Ak K W 1
NOB BEf5 15 AR K, JF A FA MM GIER T,
NOB WA KAz SRR, B B T R AR # AR
(R FPRE = B ¥ U U PR A s ik T LA A
W, B BT AR B B i A AR AR AT Tk
[2.91 kg~ (kg-d) ~" ] FIH AR (4 0 il B2 16 42k 06 P
[0.03 kg~ (kg-d) 7'].

F4 SMREMSENERREEEEME(R,)

Table 4 Richness value (R_) of bacterial community

in different periods

i H A B C D
F 4L 12 3 6 9
R, 0.6 0.15 0.3 0.45

BrEc I, B FHfh T AOB Jf DL EA F 6 1) 4
FRRR AR A D A 7392 D8 W (AR T R SR T 4 4
WEVETS U8 ) Ry i K oY, B G5 IR WA 3 AR K
F & T SBR RSy, B B TR R T e
fO R & E AT B B T M BLRIR R R e . B
S, H T BRI A SR B AR A DL S B B FA
AR T R 23 Bl 2 U8 W BE A SBRHR A 4 TR
BAFIAE R, LB B I 90 P4 75 e 09 240 B 4 1
HIRAR T B B W DTTE Y R b TG MRS 8. 15 A
FRPEAG IR 2T, FE B BE T A B4 75 B i 4 R
AL 2. 83 kg (kg-d) ~" ] FIT— 5 1) 0 A R 1

AALTEME[0.02 kg (kg-d) '], IFHEM BB ED
PR AR R ARG TE[ 0. 65 kg (kg-d) ~' ) Fl— & By 5
FEREAETEPE0. 11 kg- (kg-d) ' ].

4 Hig

(1) A R T 1Y s B B B, X FA 958 1 B 2 52
BT NOB (i, BIRe 22 4 A0 A 45 B8 7 0 4 iR
B 4 SBR WY pH BEARHITE 7. 8, IR B4
TE (31 +=2)C B, ¥EKE AW EE 168 ~ 392
mg- L~ Z I}, FA ¥ FEXF NOB P2 A= i, 78
%55 d, KA HE N 336 mg-L~", SBR {HHEIE
T8 B4 i R T 4 AR A T P R e I i TR R ARk T
R 2.91 kg (kg-d) =" A1 0.03 kg (kg-d) .

(2) IRA AL R TR G A B B, FA Yk Rl
1o () Fof 08 0 K AR UMk B R pH AT AR L, IR B B
BT IR A AT 3R LA R B B A E B Y
2 T B R RS 3R M 2Y, SBRBY I M TS U8 AR I )R
B4 R & B & Wi A A R e TE TR [ 2.83
kge (kged) = JHI— 22 B9 0 6§ 1R R S0 FL 15 1 [ 0. 02
kge (kged) ~' ], FF H 2B A 1 DR AR 1
[0.65 kg (kg-d) '] A1l — & 19 5 3% I il 1k 0% v
[0.11 kg~ (kg-d) ~'].
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