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Abstract ; The approach and factors for realizing the rapid startup of nitrosation were researched at the low level of dissolved oxygen
(DO) in sequencing batch reactor (SBR). The main parameters of the reactor were controlled as follows: DO were 0. 15-0. 40 mg/L,
pH values kept from 7. 52 to 8. 30, temperature maintained at 22.3-27. 1°C , and time of aeration was 8 hours. The purpose of rapid
startup for nitrosation was achieved after 57 cycles (36 d) with the alternative influent of high and low ammonium wastewater ( the
mean values were 245.28 mg/L and 58.08 mg/L respectively) in a SBR, and the nitrosation rate was even 100% . Factors of
accumulation of nitrite were investigated and the effects of DO and pH were analyzed during the startup for nitrosation. The results
showed that it could improve the efficiency of nitrosation when DO concentration was increased appropriately. The activity of nitrite
oxidizing bacteria (NOB) was recovered gradually when DO was higher than 0.72 mg/L. The key factor of controlling nitrosation
reaction was the concentration of free ammonia (FA) , while the final factor was the concentration of DO. pH was a desired controlling
parameter to show the end of nitrification in a SBR cycle, while DO concentration did not indicate the finishing of SBR nitrification
accurately because it increased rapidly before ammonia nitrogen was oxidized absolutely.

Key words:sequencing batch reactor (SBR) ; nitrosation; pH; free ammonia( FA) ; dissolved oxygen(DO)

- ( nitrite oxidizing bacteria, NOB)

9 / ’
s N
[1]
’
’
:2010-09-21;; :2010-12-13
. (50878003 ) ;
[2,3] [4,5] (8092006 ) ;
.pH N (08UWQA08 , QAK201005 ) ;
[6] [7~9] [10,11] [12] (20087X07208-003-003 ,
N » N 20087X07420-004-BJUT001 ,20087ZX07208-005-003 ) ;
[13] ( ykj-2010-3405 ,
: vkj-2010-3480 , ykj-2010-3479 )
, DO FA : (1976 ~ ),

, E-mail:lidong2006 @ bjut. edu. cn
(ammonium oxidizing bacteria, AOB) * ,E-mail ; pixiaol987@ 163. com



2318 32
, 10 h (DO 2 ~4
! mg/L ),8 ~10 d
1.1 100% ,
, 1 1.3
33 L, 25 L; SBR ,
11 em , s (5 min) .
; , ( DO
; 100 mm )\ (2~3h),
(5 min).
‘ 4/5, DO  0.15
, l RHRbk ~0.40 mg/L, 22.3 ~27.1%C ,
L ( 245.28 mg/L) (
L J 58.08 mg/L) ,
4 — NOB ,
Pl T DO pH .DO
1 S
5 )
T ol , o, !
ocgcog . 1.4
L oo SV,, .MLSS . SVI,
NH, -N.NO, -N NO; -N , DO . pH
1 :2. i3, 4. ;5 .
6. /pH . 8. pH » NH/-N ;
L NO, -N N-(1- ) ;NO; -N
Fig.1 Schematic diagram of the experimental equipment ; DO, pH
WTW pH/Oxi 340i pH . :
1.2
UFA pH |
, . NH, -N 70 ~ 90 mg/L, NO, -N < 1 [13,15] _
mg/L NO, -N <1 mg/L, COD 240 ~ 460 mg/L, TP FA( NH;-N ,mg/L) =
5.0 ~8.5 mg/L,pH 7.0 ~8.0. 17 x [ NHINC N me/L)] x 107
' : 14 x {exp[ﬂ + 10!’“}
A/O ( ) (273 + T)
NH, -N , 2
, pH 2.1 AOB
A/0 22.3 ~27.1C . DO 0.15 ~ 0.40
. . COD < 50 mg/L, mg/L . pH  7.52 ~8.30 ,
NH, -N 200 ~ 358 mg/L, NH, -N 35 ~ 81 8 h,
mg/L, NO, -N <1 mg/L, NO; -N <1 mg/L, pH AOB , NOB
7.50 ~38. 30. 2 .
A*/0 ,MLSS  9.85 g¢/L, 200 ~ 358
6L, 4238 mg/L. mg/L, , FA 19.59 mg/L.
, SBR , 2 11

>



8 :SBR

2319

—m—HORER —— BEHMAE - IR

(e300 TREERBE Rk &R
400 100
350 :g <
. 300 70 g
100 20 g
50 10
%075 10 15 20 25 30 35 40 45 50 55
A
2
Fig.2  Profiles of ammonia nitrogen in influent ammonia
nitrogen removal rate and nitrosation rate
.16 85% , ,
: @D \ FA ,
AOB NOB
, NOB FA
., AOB ;@ AOB
DO NOB ') AOB DO
, NOB
DO ,
7€)
DO AOB NOB ,
, (8 h)
34 A/0
, 36 37 (
39.816 35.532 mg/L) (45 ~72
mg/L.) , DO ,
88% , NOB FA
, FA  NOB
.41
A/0O ( 45 ~72 mg/L),
90 %
2.2
2.2.1 DO

DO

, DO
[17 ~20]
DO ,
NOB DO
2 DO 0.5~1.2 mg/L
s ,DO
>1.2 mg/L. , DO NOB ,AOB
“ Do 1.5 ~
2.0 mg/L , pH
DO 0.28 mg/L AOB
, DO , DO
36.359 ~67.555 mg/L, pH 7.54 ~7.85,
25.6 ~27.6C. 3
DO ) )
DO 0.44 ~0.51
mg/L( 0.48 mg/L)
6h, 86% , 100% ;
DO 0.63 ~0.77 mg/L(
0.72 mg/L), 4 h,
92% ;DO 0.95 ~ 1. 04 mg/L(
0.99 mg/L), ,
85% s NOB; DO
1.42 ~1.51 mg/L( 1.47 mg/L)
, 80% .DO
NOB
= M - \«/*‘*\***\x\*/*—m* ;go 1
175 [ et ]
g 80 8
2 % pooas D0072 D009
£ a5 160 £ 16
m 1so # | E
£ ol —-powE 2| E
T o wmex 0B
8 0.75 L — MR R e N30 7
20 2
0.50 Fu-pgm g B DO 1:/‘7 110
0.25 ! 1 ! 1 0 0
58 63 68 73 78 83
A ()
3 DO

Fig.3  Effects of DO on nitrosation operation efficiency

DO

’

DO

DO




2320 32
NOB , NOB ,AOB
, FA
FA NOB FA , FA
, NOB AOB ,
FA o FA
AOB , 90 25
DO 3 80
, DO 0.48 0.72 mg/L 70 20
760 T
ot 15 %
, DO 0.72mg/L 4 h § 50 §
DO 0.63 ~0.77 mg/L, 4h, £ 1o %
® 30 =
4 DO
20 0.5
75% 90% ,
10
0 0
B X
- % 5 FA
E & Fig.5 Profiles of FA and nitrogen concentration in a typical cycle
g =
g “r ——HOKER o kAR o B 2.2.3 pH
< 2} —x— BURELER —*— RS 3 q
H 20 b 30 Mg p ’
& . 20 >0 pH>6.8
L 10
0 s s s 0 . Gernaey " AOB pH
84 89 94 99 104
A () 7.00 ~8.50,NOB pH 6.00 ~7.50.
2 SBR , pH
4 DO=0.72
PO =0.7 7.50 ~8. 50,
Fig.4 Restorability of the nitrosation system at DO =0.72
90%
2.2.2 pH )
FA AOB  NOB ,pH FA
, 21 FA , pH ,FA , NOB
6 mg/LL. ,NOB ) pH
el FA 3.75 mg/L , ,
, ,NOB pH
FA 19.59 mg/L, , pH 7.40 ~ 8. 36, pH
FA 0.56 ~5.27 mg/L.
FA AOB, SBR 2.2.4
AOB , AOB NOB
NOB e 12 ~ 14C 30°C
,FA , , 15 ~30°C
(28
5 68 1)C ,
) FA , 10°C
, FA 2.01 mg/L, , (30 ~35C)
FA . SHARON 202



8 :SBR 2321

, AOB , . , DO
, , 0.204, 0.285,
AOB NOB . 0.331.0.380 kg/(m*+d),
, 0.194, 0.270,
(22.3 ~27.6C) , 0.299 . 0.326 kg/(m’-d)  0.011. 0.015. 0.041
0.089 kg/(m’-d). , DO 0.99 mg/L
, ,NOB ,
2.2.5
7 .DO 1.47 mg/L
6 7 DO SBR , DO
( 67.68,72.,76 ) 0.99 mg/L 4 ( 3),
DO
,DO 0. 44 . DO
~0.51,0.63 ~0.77, 0.95 ~1.04 1.42 ~1.51 )
I’Ilg/L 4 . 6 N ’ ’
) AOB
60
55 —#—DO 048 mgL™) ’ NOB
50 o D000 mEt .DO 1.47 mg/L
45 —0—DO 147 mg L™ 10 mg/L. ,
T, 40
g3 ’
% 30
® 25 8 DO
W 20 ’
15 DO pH .
10 A\\- ( 12 ~25 mg/L),
5
0 1 1 1 1 - |\ )
0 1 2 3 4 5 6
W/ , DO ; 8
DO . AOB
6 DO , pH
Fig. 6 Comparison of ammonia nitrogen degradation in typical H
cycles at different DO concentration p ’
90
.IT_] 80 | A ’ pH )
3 70t — —
=00 /‘féﬁﬁ/ - g —=—DO 048 mgL | —a— DO 0.72 mg:Ly)
2wl — D '—v—Doo99mgL1 —o— D0147m
Ig 30 —=-D0048mgL —2-D0O072mgl’ £
& 20F —v—D0099mgL? —o—DO 1.47 mg:L! m 3 J / DOE}E{Q&ﬁ
g 1(0) L 1 1 1 1 1 % 2
0 1 2 3 4 5 6 ® 1 Vﬂ x__AdA_A_A '//
50 o B
- 0 05 1015 20 25 30 35 40 45 50 55 60 6.5
A 7.8
dn
£30r 76 R,
g of ZI NN PHB &
I PSS T2t I S A
- e
= 0 X ¥/Y/:’_v p—=— 7.0 %o Y }r“ o X
0 1 2 3 4 5 6 6 8 C 1 1 1 \VM 1 1 1 1 1
i/ 0 05 10 15 2.0 2.5 3.0 3.5 4.0 45 50 55 6.0 6.5
A il/h
7 DO
Fig.7 Comparison of nitrite and nitrate degradation in typical cycles 8 DO pH

at different DO concentration Fig. 8 Variations of DO concentration and pH in typical cycles



2322 32
, , [J]. ,2009,30(3) :809-814.
COZ, ’ [7] s s .DO pH [J].
,2006,7(1) :37-40.
pH , 8 . (8] , ., .SBR
DO 0.48,0.72,0.99, 1.47 mg/L 4. ,2009,29(3) :312-317.
[ 9] Blackburne R,Yuan Z G, Keller J. Partial nitrification to nitrite
4 DO using low dissolved oxygen concentration as the main selection
4.25.3,.1.75,.0.85h, pH factor[ J]. Biodegradation,2008 ,19(2) :303-312.
5.6.3.8.3.3.3 h. 6 , [10] . s
[1]. ,2007,23(3) :102-105.
6.4.5.3.3.3h. C o wn -
pH s 12004 ,27(4) ;111-113.
DO [12] , , ,
[J1]. ,2006,27(9) :
’ 1862-1865.
[13] . [M].
3 ,2006. 51-54.
[14] . [M].
( 1 ) SBR ’ ,2002.
s FA DO NOB [15] Anthonisen A C,Loehr R C,Prakasam T B S,et al. Inhibition of
nitrification by ammonia and nitrous-acid [ J ]. Journal Water
’ 33 ( 20d ) Pollution Control Federation,1976,48(5) :835-852.
AOB 5 FA ’ [16] Laanbroek H J,Bodelier P L E, Gerards S. Oxygen consumption
90% kinetics of Nitrosomonas europaea and Nitrobacter hamburgensis
(2) 22.3 ~27.6%C , pH 7.50 ~ grown in mixed continuous cultures at different oxygen
concentrations [ J ]. Archives of Microbiology, 1994,161 (2) .
8.30,D0  0.15 ~0.77 mg/L 1S6. 160,
FA [17] Tokutomi T. Operation of a nitrite-type airlift reactor at low DO
AOB ’ FA concentration[ J ]. Water Science and Technology, 2004 ,49 ( 5-
6):81-88.
s [18] Bernat N, Dangkong N, Delgenes J P, et al. Nitrification at low
DO S oxygen concentration in biofilm reactor [ J ]. Journal of
Environmental Engineering-ASCE,2001,127(3) :266-271.
Do ’ [19] Chuang H P, Akiyoshi O, Hiroyuki I. Effective partial nitrification
DO ( DO <0.72 mg/L) to nitrite by down-flow hanging sponge reactor under limited
oxygen condition[ J]. Water Research,2007 ,41(2) :295-302.
[20] , , . (]
(3) ) »pH 12002,18(6) :29-31.

’ pH
;DO
, DO
, ,pH

[1] , —

[J]. ,2002,28(5) :308-310.
[2] , , ,

[J]. ,2009,29(3) :516-520.

[3] , , , - SBR

[J]. ,2008 ,34(7) :29-32.
[4] , , .pH

[J]. ,2007,28(8) :1720-1725.
Ciudad G, Gonzalez R, Bornhardt C, et al.

Modes of operation

and pH control as enhancement factors for partial nitrification with

oxygen transport limitation[ J]. Water Research,2007,41(20) .

4621-4629.

[6] , , ., . FA FNA

[21]

[22]

[23]

[24]

[7]. ,2009,32(2)

134-137.

Vadivelu V M ,Keller J, Yuan Z G. Effect of free ammonia on the

respiration and growth processes of an enriched Nitrobacter

culture[ J]. Water Research,2007 ,41(4) :826-834.

s . SBR [J].

,2005,21(1) :9-13.

Gernaey K, Verschuere L, Luyten L, et al. Fast and sensitive

acute toxicity detection with an enrichment nitrifying culture[ J].

Water Environmental Research,1997,69(6) :1163-1169.

, , . - (1.
,2000,16(2) :29-31.
Hellinga C,Schellen A A J C,Mulder ] W, et al. The SHARON
process: An innovative method for nitrogen removal from
ammonium-rich waste water[ J].
1998,37(9) :135-142.

Gali A,Dosta J,Van Loosdrecht M C M, et al.
achieve an anammox influent from real reject water treatment at
lab-scale ; Partial SBR nitrification and SHARON process [ J].

Process Biochemistry,2007 ,42(4) :715-720.

Water Science and Technology,

Two ways to



