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A study of the effect of aeration intensity on nitrosation process operated in SBRs
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(Beijing University of Technology) , Beijing 100124, China; 2. State Key Laboratory of Urban Water
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Abstract: Aeration intensity is an important parameter to control intermittent aeration DO. To clarify the effects of
same total aeration intensities and different aeration intensities on the intermittent aeration SBR nitrosation process,
activated sludge with good nitration abilities was inoculated in reactors at 25 —28 “C. Effect of aeration intensity
under intermittent aeration on the stability of nitrosation system was studied using response surface analysis in an
intermittent aeration SBR reactor. Results show that the controlled aeration intensity of 1.2 L/ (h-L) could inhibit
the activity of NOB, where the nitrite nitrogen accumulation rate could reach 93% , while the ammonia nitrogen
removal rate was only 80% . When the aeration intensity was increased to 1. 58 L/(h-+L), the nitrosation
performance was deteriorated with the increase of the operating cycle. When the aeration intensity was 1.93 L/ (h-L),
and the ammonia oxidation rate and nitrite accumulation rate were 90% and 91. 6% , higher ammonia oxygen
removal and nitrite accumulation were achieved. Batch experiments and response surface analysis showed that
aeration intensity and aeration time had significant effects on ammonia nitrogen removal and nitrite accumulation.
The shorter the aeration time was, the higher the nitrite accumulation rate would be achieved, and the higher the
aeration intensity was, the higher the ammonia nitrogen removal efficiencies would be achieved. However, the
activity of AOB was suppressed under low aeration intensity, and the high ammonia nitrogen removal efficiency
could not be maintained by prolonging the aeration time. Under high aeration intensity, the activity of AOB could
not be enhanced accordingly. The ammonia nitrogen removal rate and the nitrite accumulation rate were only
affected by the aeration time. Therefore, under the same total aeration intensities, higher aeration intensity should
be adopted with the combination of short aeration time to achieve high ammonia nitrogen removal and
nitrite accumulation.

Keywords: intermittent aeration; nitrite accumulation rate; aeration intensity; aeration time; response surface

analysis
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Fig.1  Schematic diagram of the SBR reactor
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SBR 2 I 42 A I AiF Ab M il R4 1 5 1 ¥ Ve AR
S Fhie. H MLSS 7 2 800 mg/L,SVI 4 61 mL/g. F
N TR AT SN 4 , 23 KK BT S5 46 L
IR A HLER IR (COD g 50 mg/L) , f R £ $2 {1k
BAR(p(NH] =N) =60 mg/L) , il A h it itk
BRRE , B 5 & AU o 1001, pH 4ERRTE 7.6 ~
8.1, IR EAEFTE 25 ~28 C, B FKk Pk & A
0.136 g KH,PO, .0.02 gMgS0, -7H,0.0. 136 g CaCl,
YA GRS DA iU ¢ oI
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Tab.1 Reactor operating parameters at different stages
B MR R/ BRERREE/ AR MIER
i
min (L-(h-L) "1 min /L
55 1 BirBe
10: 10 1.20 290 46.5
(350 ~40 K)
55 BB
) 10: 10 1.58 220 46.5
(%41 ~70 %)
S BBt
10: 10 1.20 220 35.2
(%571 ~100 K)
HIVErE
10: 10 1.93 180 46.5

(%5101 ~140 X)

1.4 SHFE

8 HHAGI 2 0 #% NTR AW NH - N NO, - N
NO; - N 2280 @it WIW (pH/Oxi 3401) faifEzt:
2280 AW pH . DO KOl FE. KA 4 B vh
NH," — N 7 2k A8 G50 o et v ,NO, - N
FKHN - (1 -Z3) - 4 MmeeER: ,NOy - N
FKHEIN R . BRI AERR Eh P R &
Gyl (1), (2) 35

T LR 2% = p(NO; —N)
EﬁﬁﬂﬁlmJ.*/\j%}:(RNA) p(NO{ —N) +p(NO; —N) X
100% (1)

=A% _pin(N—I—L+ _N> _P(NH4+ _N)
%%L{tz(RgR) = pin(NH4+ —N) x100% .
(2)

Kf:p, (NHS = N) JygEsK NHY - N S ik &,
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mg/L,p (NH, - N) Sy ik NH - N i & % &,
mg/L,p(NO, —=N) p(NO; - N) itk N0, - N,
NO; - N BRI 2 me/ L.
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RA R L 4 Fzs i G v Je b NOB
B R | 2 R A 25 21 G ) o SR A g 1k
R G A I E T3 VR AT UG

FAHE R (R ) - B 2RI, LA IR B2 AR
NAEIR(RRAEUSE 80 mg/L) , BRI 2N I
W SR AR 100 1. 815 RIS %G SIR &)
RAA, 2 h, i 25 °C L, 450 20 min ORI
TE BRI AR A 2 T i R B I [ 7 A2 Ak
gk, A HIRE r FIIR G W MLVSS 5, 3l i 24 20
Ry = 1/pyiyss KB B 7 VSS & A o R
(mg/(g - h)). RIU/NREZE, T 3 APATIRE .

TR ER A A B A (R ) - TR IE R 5 AF T
FAE 4 BB AR5 e NOB AHXE P i /).

LRI T A < 78 I 45 R e B R 1 4 43 301 B
1L /KRG WS Thep N, #4712 H e 2 B,
HEFF DO Bl R T 1.5 mg/ L. i BRiR2E , BL
AR TR] J57 2 9 1 STV i T 5 Y5 R T A [] 2R T B it
1725 G B B0 20 min BUREIIE NO; — N BT & vk
JE A IR Eh A A BHR RIS, B[R] B 5 Y JoT
BERIER NOT - N A plit ™.
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IR Z A EBRFA 0, PR 50T 4.
S 5 R EE Oy 25 °C, ffi ] Design-Expert 3
Central Composite M b7 [ 15 T (1% 1F 58 52 50 & #4752
B, SR R LR 2.

TER]ER RS SBR VAR AL T 20, B =0 5 1 B
AU 20 AR £6 A R A 52, R4 Ry 75 4%
XFG. S IR EE O 25 °C L, ff ] Design-Expert
4 Central Composite fj i/ [ 1511 Y 1IF 38 S5 56 6 i7F
17528, 25 R WL 3.
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Tab.2 Response surface Central Composite design and results
U WEGRE/(L-(heL) ™) BRI /min EEEEER || AR BRERE/(L-(heL) 7Y B/ min WARERF
1 0.96 300 0.60 8 1.64 180 0.90
2 1.93 150 0.80 9 1.58 220 0.95
3 1.50 205 0.90 10 1.75 180 0.90
4 1.20 290 0.75 11 2.18 130 0.80
5 1.33 290 0.80 12 2.30 120 0.78
6 1.58 190 0.88 13 1.93 180 0.90
7 1.42 180 0.75
#& 3 IRz Central Composite iZ it 5 &R
Tab.3 Response surface Central Composite design and results
U] BRSSEE/(Le(h-L) 7') BEEHK/min WAHERFRE SR (| 40 BRRERIE/(L-(h-L) 1) BRI K/min TEAEREVRRR
1 0.96 300 0.95 8 1.64 180 0.90
2 1.93 250 0.50 9 1.58 220 0.60
3 1.50 205 0.80 10 1.75 180 0.89
4 1.20 250 0.93 11 2.18 250 0.48
5 1.33 290 0.90 12 2.30 120 0.91
6 1.58 190 0.88 13 1.93 180 0.89
7 1.42 180 0.95
D BB L IR R B = A A S A A A R 200 25,27
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Fig.2 Variations of ammonia nitrogen, nitrite nitrogen, nitrate

nitrogen, ammonia oxidation rate, and nitrosation rate

T BB (A5 1 ~ 40 K, I BRI N
1.2 L/(h-L), R %P9 DO 4 0.2 ~0.5 mg/L. i&
TR BE, TR SR B 2 SO AR DO A i) Bk <
(4 1 AT LAAR A 30 1) NOB (& 1, 443 T B4 1Y
WA BE. FEas T ], K U A S ZURTAY
AN H 12,40 F13 mg/L, WA EH B R &
PREETE 93% ) I, A BESE & bk, /A LB R
HEFFAE 80% . M BRI, A Z W52 %, AOB 11 NOB
Xof DA Bl R A BT B A AR A BE I A BN B 1 SR
71272 AOB BRI A 3 1, ELARBR R % R 10
ik DO %} AOB 5 NOB [y A= KA i 7 4 8%, 2E 4%
DO K}, AOB F1 NOB (/)3 5 # #2325 T [, AOB 1y
BB R AT LA F) NOB 38 58 i R 1) 2. 6 %51,
I, TEARBE SR BE N, NOB A= K4 32 F) 4], AOB 4
ST A D 3 T ol DA T S R B - %) il Ak 1k R L
P I B A 5 A AR I T AT el A5 2 S AL
1R AZ B 2 R 7 AL ] T NOB (1 [ it 7
— B L HIE T A m A

IR B (55 41 ~ 70 K ), B4R MRS

N g efse

BT 1 R, RGAE] T ARG RIRCR , KIS 7S
HELRE R 87.23% , B A F B M 92.98% , 15t BH R
BRI AR T, 28 B e SR A S Y Vi) i <
IREWAR G 3 T NOB A& VE. (B Rl 2 v #e i
BAT, WAL E REZR WAL, W AN IR SR T SR pHE 1 T
FRAEHE I WAL, 121755 60 RALN 50. 94% . 4y
BrEH , AKX DO £ F F NOB B 11 Nitrospira 1) &
#1200 i DO A FF Nitrobacter 1A= K BE5i , 145
I B BE K WIIE DO & iz f7 F, 15 4 b i £ 58
NOB % 7] & 4 Nitrospira , $2 /& Mg < 38 B J5 DO Ny
0.7 ~1.0 mg/L, HrBw1 1, B i DO 4 T NOB
FITEPE, IF H o AOB $244E T 78 2 19 DO, Bk 3] TR
U1 S0 B B 2R S BRI Bt T N # IB A T, &
REBRRFRGE B R IBHT R, BYBER KA
AR RS R SAE SR 500 1,24 J 26 mg/L,
AR ERFR BB 48% . /3 #T IR iEf7 e s
B VRS L AOB (35 R KR o, B /KR4
Bk AR JEIAR 70 HL AR 1) DO X NOB j= A= [ 41
Hil4 /N, NOB (1) 38 7 i AR e, WA AL R 5 T
IR

SEMBB (55 71 ~ 100 K ) , R KIS 50 K
2RI PERE , VRIS 1.2 L/ (h-L) . BrBESR
1R, KR A WS RS A 2508 17,25
16 mg/L. ffiZ5 SN FUEF T, 7056 82 K, & A 2
BRoR LT 71. 66% - FLF J5 A fee . S AL
BRAR/ N AR 2Z S5 1B 15 AN HEFFTE 4 mg/L LU
T TR g R S M A IR SR s T I Ak
PERBIIK &, AR 2 1T AR 9 o AOB $2 41t 35 4 4
P AU T AOB 257 3] i) S < AR IR S5 B 19 K
B W R IR R A R R R G K
WikasE .

IV BE (55 101 ~ 140 K) |, 4k 25 4 i MR < ikt
JE1.93 L/ (h- L), 4556 55 IV iy BEE S K 1 46
FRigeBE A 1.2 ~ 1.5 mg/L. BrBaz 791, K
RA S AEERE N 9,41 F15 mg/L, W
WAL PERE RAs, Bl I N 28 s 1T, MK R AE S ~
8 mg/L, A LPRF RIS 7656 140 K, HH/KEA
AN 6,44 mg/L, AL BRFEN 90% |, K
FRERBURE N 91. 6% . A HFFERW, i T A REHI {2
JEMG ) AOB FBE TG MK DO AR & & FIF A iE
AR ER LR 2 X B DO B A Kk 5k
ARG R TSR T T R 75 By
Bz i), AR R BT K e [R) R K SR
5 mg/L LI, 50 NOB A BE K B 1) FH 32 5 1ff 52 51
T, It BRI AOB 38 /2 1) DO, filif3 AOB ff)
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Fig.3 Variations of R,; and Ry, during operation
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Tab.4  Analysis of variance of ammonia nitrogen removal rate

TiH Rl A ¥y FAH P1{H ik
iR 0.092 3 0.031 19.05 0.000 3 [TE
BEREE (A) 0.028 1 0.028 17.20 0.002 5
BES AT (B) 0.015 1 0.015 9.59 0.012 8
SRR 0.076 1 0.076 46.77 <0.000 1
B2 0.015 9 1.616E-003

Jevil] 0.110 12
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Tab.5 Analysis of variance of nitrite accumulation rate
HH S5 A B ¥y FAE PAH #iE
i kil 0.270 3 0.089 10.31 0.002 9 n#F
BRES R (A) 0.130 1 0.130 15.26 0.003 6
B (B) 0.120 1 0.120 13.82 0.004 8
R BR 0.053 1 0.053 6.08 0.0359
s 0.078 9 8.676E-003
Js¥il 0.350 12

BRI FAE R 10,31, P {E/NF 0.05, 1% 551 i
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Fig.4 Contour map and response surface of ammonia nitrogen removal rate and nitrite accumulation rate
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pH JF#R TR BrBe T stk & A 61. 64 mg/L, i T
T i S R R, 28R T RN, K2R IR SR
RS A9 12.11,40. 73 }% 3.56 mg/L, WA fk
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Fig.5 Variations of DO and pH in typical cycles during operation
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% NOB 248t T 58 AL, BEE 1847 KA
i, NOB R Bt 42 i , WA 1k R SR, 55 IV By
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